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ABSTRACT 


This study was undertaken to describe the respiratory distressed 
neonate's physiological responses to chest physiotherapy (CPT), a pro- 
cedure consisting of postural drainage, percussions, and endotracheal 
instillation and suctioning. In addition, the extent and nature of 
differences of the responses of the neonate to two types of percussions 
were examined. One form of percussions involved applying a series of 
rhythmic blows to the external chest wall with the use of a soft sili- 
cone Bennett respirator mask (Bennett method). The other involved 
contact-heel percussions in which the tnenar or hypothenar position of 
the hand remained in contact with the external chest wall throughout 
the procedure (Boyd Method). The physiological parameters used to des- 
cribe the neonate's responses were heart rate (H/R), mean arterial 
pressure (MAP), intracranial pressure (ICP), transcutaneous oxygen 
(Tcp0>) level, alveolar-arterial oxygen gradient (A-a 09 gradient), 
transcutaneous carbon dioxide (Tc pC0>) level, and arterial carbon 
dioxide tension (PaC0). 

The clinical, controlled, randomized, experimental, simple cross- 
over design of the study permitted each neonate to act as his/her own 
control. The subjects were 30 neonates who met the study criteria of 
being 28 days of age or younger; weighing more than 750 grams; requir- 
ing intubation, less than 91% inspired oxygen concentration, CPT at 
least once every four hours, and an indwelling arterial line; and not 


being on short acting sedatives. 
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Each neonate was randomly assigned to one of two groups. Group one 
consisted of those infants who received tne Bennett percussions first 
and the Boyd percussions at least one hour later. Group two consisted 
of those infants who received the percussions in the reverse order. The 
physiological parameter levels, with the exception of the A-a 05 gra- 
dient and PaCO>, were recorded on a six-channel recorder. Oesophageal 
pressure was measured to establish equivalency of chest compression. 
The neonates’ responses were recorded during the pre-CPT, postural 
drainage, percussions, instillation and suctioning, and post-CPT phases. 

Analysis of the data revealed that the neonates’ mean physiological 
responses to postural drainage were not significantly different from 
those observed during the pre-CPT and post-CPT phases. However, the 
neonates’ mean responses to endotracheal instillation and suctioning 
indicated a significant deterioration in the neonates’ condition from 
that observed during all other phases of CPT except the percussions 
phase. When the neonates’ responses to the Bennett and Boyd percussions 
were compared, a significantly higher H/R, MAP, and ICP; increased 09 
requirements; longer periods of hypoxia and hyperoxia; and a greater 
range of H/R were noted during the Bennett percussions. Also, following 
the Boyd CPT sessions, improvements in the A-a 05 gradient and PaC0» 
level were noted. 

The study findings suggest that the endotracheal instillation and 
Suctioning and the increased amount of handling required to deliver the 
Bennett percussions had a deleterious effect on the neonates. Also, the 
type of infant handling involved in the Boyd percusstons seemed to have 
a more calming influence on the neonates than the type of handling 


involved in the Bennett percussions. 
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INTRODUCTION 


Background of the Problem 


Over the past twenty years a great number of changes have taken 
place in the field of neonatology. The term neonatology itself did not 
exist until 1960 (Schaffer, 1960). Since the premature nursery has 
become a neonatal intensive care unit (NICU), the survival rate of al] 
infants, especially low birth weight infants, has radically improved. 
Today, the survival rate of infants weighing as little as 1500 grams is 
nearly that of full term newborns. The mortality rate among infants 
with respiratory distress syndrome or hyaline membrane disease (HMD) has 
been reduced by 90%. These changes can be attributed to the availabil- 
ity of such sophisticated, expensive, and invasive techniques as intra- 
aortic monitoring of blood pressure and oxygen tension, assisted posi- 
tive pressure ventilation, total parenteral nutrition with amino acid 
solutions, and aggressive management of respiratory and surgical prob- 
lems. 

With the advent of continuous monitoring techniques in neonatal 
intensive care, it has been possible for caregivers to receive immediate 
feedback regarding the effects of handling and necessary therapeutic 


treatments on the infant. Tomney (1980) found that nursing care can 
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have a profound effect on the condition of a critically ill preterm 
neonate. Very little work has been done in the area of responses of 
critically ill neonates to specific nursing care procedures such as 


chest physiotherapy (CPT). 


Statement of the Problem 


A controversy presently exists in the literature about the most 
efficacious method of CPT for neonates. Several studies have been con- 
ducted to investigate the application of percussions to the external 
chest wall of infants using the clapping method advocated for adult 
therapy (Curran & Kachoyeanos, 1979; Etches & Scott, 1978; Fox, 
Schwartz & Schaffer, 1978; Holloway, Adams, Desai & Thambran, 1969; 
Purohit, 1979; Stern, 1979). Two controlled trials (Finer & Boyd, 
1978; Finer, Moriartey & Boyd, 1979) using contact-heel percussions, a 
new form of CPT for neonates, have been conducted in recent years. The 
results of these studies have been inconsistent. There is a dearth of 
conclusive evidence about. how neonates respond to CPT. and the most 


efficacious method of CPT for neonates. 


Need for the Study 


With the rapidly expanding role of the neonatal intensive care 


nurse, several procedures from other disciplines have been integrated 
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into the routine nursing care of the critically il] neonate (Bellig, 
1980; Dunn & Lewis, 1973; Hansen, 1982; Ostra & Schuman, 1974; Peterson 
& Fisher, 1979; Slovis & Commerci, 1974). Procedures such as starting 
intravenous (IV) lines, drawing arterial blood samples, manipulating 
respirator settings and varying oxygen concentrations, and doing CPT now 
fall within the nurse's domain. 

At the present time, in the NICU of the Royal Alexandra Paediatric 
Pavilion, CPT is ordered for all patients who require mechanical ventil- 
ation to keep the artificial airway, i.e. endotracheal tube (ETT), 
patent, and to improve ventilation through movement of secretions from 
smaller bronchioles and bronchi to the larger mainstem bronchi. Because 
the Boyd method of CPT percussions in which contact-heel percussions 
were used was found to be effective (Finer & Boyd, 1978), it was system- 
atically taught to the neonatal nurses and quickly replaced the Bennett 
method in which a closed-end Bennett mask for percussion was used. The 
efficacy of the Bennett method of percussions has remained unproven. 

It has been noted that, over the past two years, the staff in the 
NICU has largely reverted to using the Bennett percussions. This change 
has been due, in part, to the departure from the unit of the designer of 
the technique, Mrs. Jan Boyd, D.P.T., as well as to the very high turn- 
over of nursing staff in the NICU since her departure. Thus, to give 
the best care possible to neonates, it was crucial to study the effec- 


tiveness of the Boyd and Bennett methods of CPT. 


<CPE ek) * atenmar co “f 
‘nezrete® 008! ‘damit zl a 
| patiyese ge dewa erie seTe 
eiizetayinem jastqtse nootd-! 
wall T9SJgntob Bie . 20 ol fevdem sn 
a | 

et ea ort a | 
hae taghmanioe 1 oviuget oni dee ffs “07 termes 4 
aes Teal. © wy eon 
novi. axbiceisor Yo. Peenven quan motte rane in ae 
rupse% =. Fetpngerd ofan Teaonee ne 6? triangred bas eefotdonowm at femme: 
fegietoatno: ati af Rooterveres 190, to Dorie bYOR? 


witka tev af (088! vel PRES Gee sete oc oF brwot tow & 


i753. #609 accor“ Tote “/R 


tjenre! off Seaton yftetat Umma RmeReT Tapseiceen oat: bed sdpuEd 
oft egy ee ecteger~en «0? damrapaned browberofs ‘oti ned 
vototy banter eur oT 2eaTrIge to borigem yrerne® st, Ye eye 
ee op? S°ete ao  Saeee Uw poy ae Tent began weed aan SE ie 
oman: RET? .enpleawored rsanemlh ibe? gn! aust bedtave?t vedatimeien 
ty veaplash et? Yo Tem of? OR ae ats Pairk “¢ouh see 
envy ickht vvav-@? 6 a6 Tie 0 go oBKcu- net v2 » supe 
arta MOTH ut nh eta one 
im ae oe 
-sehie ett giude oe fstone see 7) ee 
ho - 


Te) tee 


avig af ,20d7 S'UINSQHS “ee 


Purpose of the Study 


The purpose of the study was to describe, compare, and evaluate the 
physiological responses of the respiratory distressed neonate to the 


Bennett and Boyd methods of CPT. 


Research Questions 


ies What are the respiratory distressed neonate's responses to the Ben- 
nett and Boyd methods of CPT as indicated by the physiological par- 
ameters of heart rate (H/R), mean arterial pressure (MAP), intra- 
cranial pressure (ICP), transcutaneous oxygen tension. level 
(Tcp0>), and transcutaneous carbon dioxide tension level 
(TcpC0>)? 

2. Are there differences in the responses of the respiratory dis- 
tressed neonate to the Bennett and Boyd methods of CPT as indicated 
by the physiological parameters of H/R, MAP, ICP, alveolar-arterial 
oxygen gradient (A-a Q5 gradient), Tcp0>, TcpC0>, and arte- 
rial carbon dioxide tension (PaC0o)? 

Ste What is the extent and nature of the differences, if any, in the 
respiratory distressed neonate's responses to the Bennett and Boyd 
methods of CPT as indicated by the physiological parameters of H/R, 


MAP, ICP, A-a 959 gradient, Tcp0., TcpCO., and PaC0o? 
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Research Hypotheses 


Research hypotheses related to the second and third research questions 


were as follows: 


i, 


There is no difference in the H/R during and following the Bennett 
method of CPT as compared to the Boyd method of CPT. 

There is no difference in the MAP during and following the Bennett 
method of CPT as compared to the Boyd method of CPT. 

There is no difference in the ICP during and following the Bennett 
method of CPT as compared to the Boyd method of CPT. 

There is no difference in the change in the Tcp0> level during 
the Bennett method of CPT as compared to the Boyd method of CPT. 
There’. is “no'-difference ; in’ the A-a* 05° Gradient» following the 
Bennett method of CPT as compared to the Boyd method of CPT. 

There is no difference in the change in the TcpCO>9 level during 
the Bennett method of CPT as compared to the Boyd method of CPT. 
There is no difference in the change in the PaC09 level following 


the Bennett method of CPT as compared to the Boyd method of CPT. 


Definition of Terms 


The following definitions were accepted by the investigator for 


terms utilized in the study. 
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A neonate is an infant who has not yet reached his/her twenty- 
eighth day of life (Hasselmeyer, 1964, p.2). 

The neonatal period is the period of time from birth to the comple- 
tion of the twenty-seventh day of life (Hasselmeyer, 1964, p.3). 

A preterm or premature infant is any infant born before the end of 
the thirty-seventh week of gestation, regardless of birth weight 
(Korones & Lancaster, 1981, p.83). 

A term infant is any infant born at or after the end of the 
thirty-seventh week of gestation, regardless of birth weight 
(Korones & Lancaster, 1981, p.83). 

A respiratory distressed neonate is one wo requires endotracheal 
intubation in order to establish and/or maintain normoxia, normo- 
carbia, a normal pH level, and an unobstructed airway. 

Chest physiotherapy is the application of percussions to the neo- 
nate's external chest wall following postural drainage and involves 
instillation and suctioning of the ETT to remove secretions from 
particular pulmonary lobes. 

A neonatal intensive care unit is a specialized nursery which pro- 
vides facilities and trained personnel for the care of the criti- 
cally il] neonate. 


Assumptions 


Six basic assumptions were considered to be essential to the study: 
CPT is required to help clear pulmonary secretions of the 


respiratory distressed neonate. 
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ef. Instillation and suctioning of the ETT is required to ensure remo- 
val of pulmonary secretions and, hence, patency of the ETT of the 
respiratory distressed neonate. 

Sy, Handling is necessary to provide care to the respiratory distressed 
neonate. 

4. A state of homeostasis is better for the respiratory distressed 
neonate than wide variations in physiological parameters. 

eye A neonate who jis relaxed and quiet has a greater likelihood of 
achieving or maintaining homeostasis than one who is not. 

68 Non-invasive monitoring is in no way harmful to the critically il] 


neonate. 
Summary 


Many changes have occurred in neonatology. Procedures which once 
were performed by non-nursing personnel are being performed by nurses. 
There is a lack of knowledge about how infants respond to the care they 
receive. This study was designed to describe, compare, and evaluate the 
physiological responses of the respiratory distressed neonate to a rou- 


tine procedure: CPT. 
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REVIEW OF THE LITERATURE 


Literature pertaining to chest physiotherapy as well as other 
related areas is presented in four sections. Studies of neonatal and/or 
infant CPT as well as adult studies relevant to the present research are 
presented and evaluated in terms of their methodology, results, and 
recommendations. Studies and other literature on infant handling are 
described and evaluated. Studies describing the effects of instillation 
and suctioning of the ETT on infants are presented. Finally, literature 
relevant to the instrumentation required by the study protocol for 


measurement of the selected physiological parameters is discussed. 


Chest Physiotherapy 


Amidst a relative dearth of available studies, a controversy exists 
in the literature as to the most efficacious method of performing CPT on 
the neonate. Chest physiotherapy is felt to be indicated in any condi- 
tion in which an excess of pulmonary secretions cannot be removed by 
such normal clearance mechanisms as ciliary action and coughing. It has 
also been indicated in the treatment of atelectasis, a pathological con- 


dition to which neonates are very prone (Schaffer & Avery, 1971). 
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Holloway, Adams, Desai, and Thambrian (1969) were one of the first 
groups of researchers to report on the effects of chest physiotherapy on 
neonates. They attempted to validate results of a preliminary investi- 
gation (Holloway, Desai, & Kelly, 1966) in which a fall in arterial oxy- 
gen pressure following “standardized chest physiotherapy . .  . which 
took the form of clapping" (Holloway et al, 1966, p.422) was documented. 
In the 1969 study, Holloway et al studied 51 neonates who were divided 
into 3 groups. Group 1 consisted of 14 spontaneously breathing, normal 
babies selected to match the patients in the other two groups with 
respect to age. Group 2 consisted of 22 curarized and ventilated neo- 
nates with tetanus neonatorum. Ten of these infants received percus- 
sions and suctioning followed by an increase in ventilatory inflation 
pressure of 10 centimeters of water (cm H90) for 10 minutes. The 
remaining 12 infants received percussions and suctioning without an 
increase in inflation pressure. The infants were randomly assigned to 
these sub-groups. Group 3 was composed of 15 neonates in similar condi- 
CLONELON CUGSse, ane Groupe c: Through random assignment, 8 neonates 
received an increase in ventilatory inflation pressure for 30 minutes, 
while the remainder received no increase. None of the infants in Group 
3 received percussions. 

The dependent variables in the above mentioned study included the 
oxygen and carbon dioxide tension levels of arterialized blood obtained 
from the scalp of all infants and the A-a gradient level for oxygen. 


Normal standards for resting arterial oxygen tension (Pa0>) and 
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PaCO> levels were obtained on Group 1 infants who served as controls. 
One blood sample was taken from each infant in this group. With Group 
2, blood samples were drawn prior to the commencement of the percus- 
sions, immediately following the percussions and suctioning, at the end 
of the ten minute period of hyperinflation, and one hour following the 
hyperinflation period. A control or baseline blood sample was also 
drawn from the infants in Group 3, in addition to a sample drawn 30 
minutes following the hyperinflation period. 

Holloway, et al (1969) reported that the percussions and suctioning 
did not improve the PaQo levels but actually produced a small decrease 
in the PaQ> and PaCO> levels and an increase in the A-a gradient 
level for oxygen. The PaC0> levels did return to the pre-CPT levels 
One hour following the hyperinflation period. This return to normal was 
accelerated by ventilatory hyperinflation. Moderate hyperinflation (10 
cm H90) without benefit of percussions produced small increases in the 
PaQ> level. Neither percussions nor hyperinflation alone or together 
produced blood gas levels similar to those of the normal infants in 
Group l. 

In a retrospective review of 130 charts of neonates with HMD, 
Remondiere, Relier, Esclapez, and Beaudoin (1976) discovered significant 
differences in pulmonary complications between those infants who had 
received percussions by clapping and those wno had not. There were 
fewer incidences of airway obstruction and pulmonary atelectasis in the 


neonates who had been treated with percussions. The investigators 
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concluded that, “provided it is carried out by an expert, and provided 
elementary rules of prudence are respected, respiratory physiotherapy is 
without danger in the premature and newborn. It is thus an essential 
accessory form oT -ctreatments ovr |": during the neonatal period" 
(Remondiere et al, 1976, p.622). 

In their study, Fox, Schwartz, and Schaffer (1978) randomly 
elected 13 neonates from an intensive care unit in order to investigate 
physiological alterations in respiratory function associated with CPT. 
Arterial blood gas levels, respiratory patterns, lung mechanics, and 
functional residual capacity were measured during a control period, 
following 30 seconds of vibrations CPT and suctioning, following hyper- 
ventilation, and two hours following suctioning. In all cases, the 
fraction of inspired oxygen (Fi0.) was maintained at the control 
period level in order to ascertain the responses of the infants under 
highly controlled conditions. When comparing test and control measures, 
the researchers found significant decreases in the PaO» levels follow- 
ing suctioning as well as inspiratory resistance and a significant 
increase in the PaQ> levels after hyperinflation, and in the respira- 
tory rate following suctioning. There was also a trend in which lung 
compliance increased as functional residual capacity increased during 
suctioning. 

Etches and Scott (1978) demonstrated that the amount of upper air- 
way secretions removed by suctioning was significantly less than that 


removed by suctioning following CPT. The CPT used on the six neonates 
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in this study was postural drainage and manual vibration during the 
expiratory phase as well as "gentle percussion of the chest wall" 
(Etches & Scott, 1978, p.713). A clapping motion with the cupped hand 
provided the percussions to the external chest. 

A study by Finer and Boyd (1978) and Finer, Boyd, and Grace (1978), 
comparing the effect of postural drainage to postural drainage accompan- 
ied by chest percussions, introduced a new method of performing chest 
percussions: contact-heel percussions. In the first group of 10 neo- 
nates studied, there was no significant alteration in the arterial 
Pa0> level following the postural drainage. There was, however, in 
the second group of 10 neonates, a significant increase in the PaQo 
level, when percussions were added to the postural drainage. The inves- 
tigators found no difference in the pH or PaCO> level either prior to 
or during the treatment or 15 minutes posttreatment in all 20 infants. 

In a very poorly controlled study by Curran and Kachoyeanos (1979), 
Six neonates were randomly assigned to one of three CPT groups: 1) 
vibrations using an electric toothbrush, 2) percussions using a padded 
nipple, and 3) no CPT. It was not reported if postural drainage was 
employed. The results indicated that the infants in Group 1 exhibited 
the highest levels of mean “pO. and pC0o" (Curran & Kachoyeanos, 
1979, p.313) as well as the best skin color and clearer breath sounds 
immediately following CPT. Neonates in all groups had similar signifi- 


cant increases in apical pulse and respiratory rate following CPT. 
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In a combined retrospective and prospective study, Finer, 
Moriartey, Boyd, Phillips, Stewart, and Ulan (1979) demonstrated that 
infants, extubated after 24 hours of intubation, benefitted signifi- 
cantly from CPT which consisted of hourly manual chest vibrations 
applied to the right upper lobe and postural drainage. Of the 85 neo- 
nates evaluated (43 without CPT and 42 with CPT), 17 suffered from right 
upper lobe (RUL) atelectasis following extubation. Sixteen of the 
infants with RUL atelectasis were not treated with CPT following extuba- 
tion, while one infant received CPT following extubation. The investi- 
gators concluded that CPT is beneficial in the prevention of RUL atel- 
ectasis following prolonged intubation. 

In their study, Tudehope and Bagley (1980) added the transcutaneous 
oxygen factor to the variable of arterial blood gas (ABG) levels stud- 
ied. Three different techniques of CPT were evaluated in 15 prematures 
requiring mechanical ventilation: contact-heel percussions, clapping 
with a Bennett face mask, and vibrations with an electric toothbrush. 
Each infant received all three treatments two hours apart. Arterial 
blood gas levels were obtained prior to and 15 minutes following each 
CPT session. All CPT techniques were accompanied by postural drainage. 
Significant increases in the PaQ> levels were demonstrated in the two 
percussions groups (contact-heel and Bennett mask) with no differences 
in the pH or PaCO» levels noted in any of the three groups. The CPT 


was generally well tolerated by the infants. 
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In a recent abstract, Duara, Bessard, Keszler, Artes, and Batzer 
(1983) reported the effects of three different percussion time intervals 
(0.5, 1.5, and 2.5 minutes) on the neonatal pulmonary function para- 
meters of minute ventilation (Ve), TcpO>, lung compliance (C,), 
inspiratory resistance (R;), and expiratory resistance (Rr). All 
data were obtained pre-CPT and post-CPT from six intubated neonates with 
HMD. A cardiorespirograph was obtained throughout the study. The per- 
cussion times were tested in three sessions with six postural drainage 
positions per session done at two hour intervals. For all six infants, 
after. the 2.5 minutes..of percussion time per position .session,, the (C, 
increased by 74.3%, the Ry; increased by 56.4%, and the Re decreased 
by 34.1%. Changes following the 0.5 minute session were variable, while 
changes following the 1.5 minute session indicated a deterioration in 
the infants' conditions. The H/R stayed consistent throughout a1] 
sessions and the Ve showed no significant change following all 
sessions. In comparision with baseline levels, the Tcp09 decreased by 
5.1% after the 0.5 minute session, by 11.5% following the 1.5 minute 
session, and by 7.7% following the 2.5 minute session. The researchers 
concluded that the 2.5 minutes of percussions produced the greatest 
improvement in pulmonary function without any greater decrease in 
Tcp05 and compromise of the cardiovascular system. 

Multiple rib fractures can easily occur in newborn infants with 
osteogenesis imperfecta congenita, congenital hypophosphatasia, osteo- 


porosis, and pyknodysotosis, and in infants following vigorous 
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resuscitative efforts (Wescenberg, 1973). Also, two cases are reported 
in the literature in which overforceful hand percussions were implicated 
as the cause of rib fractures in infants (Purohit, Caldwell, & Levkoff, 
1975; Geggel, Periera, & Spackman, 1978). 

Purohit, Caldwell, and Levkoff (1975) reported a case of a 75 day 
old premature infant whose x-rays revealed healing rib fractures of the 
right sixth and seventh, and left eighth ribs. This infant had received 
vigorous percussions following the occurrence of postextubation atelec- 
tasis on the 53rd day of life. It was felt that the force used in the 
CPT, despite the "technical expertise of nursing personnel" (Purohit et 
al, 1975, p.1104), either alone or in conjunction with stress due to 
respiratory distress, was enough to fracture the rib cage. 

Geggel, Periera, and Spackman (1978) also implicated hand percus- 
sions (clapping) in the rib fractures of two premature infants. In both 
cases, as in the previous case, the infant's postnatal age was approxi- 
mately 2 1/2 months. Both infants suffered from rickets and severe lung 
disease. Rickets has been implicated in the development of respiratory 
distress in premature infants, even i the absence of underlying ne 
disease (Glascow & Thomas, 1977). This respiratory distress has been 
attributed to softened or fractured ribs and to a myopathy generated by 
a deficit in 1,25 dihydroxyvitamin D3 (Schott & Wills, 1976). One of 
the authors of the case study (Pereira, 1982) recommended that chest 
percussions be avoided entirely and only vibrations and postural drain- 


age be used in babies with poorly mineralized bones. He further 
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recommended that Vitamin D and calcium supplements be added to the 
nutritional therapy of these infants. 

In 1976, Piehl and Brown studied 5 adult patients who required 
mechanical ventilation for respiratory failure. When the patients were 
turned from a supine to a prone position using a Circoelectric bed, 
their PaQo levels increased by an average of 47 torr. After the 
Dacienvs es weCemells them prone s pos! LION fOr + "tome enours, ener Pals 
levels gradually returned to the levels obtained initially. In this 
Study, arterial blood samples were obtained by radial artery puncture or 
from indwelling arterial catheters, prior to and 30 - 120 minutes 
following body position changes. 

In a prospective study of 4/7 adult patients receiving mechanical 
ventilation, McKenzie, Schinn, and McAsselin (1978) evaluated the 
changes in the PaQ» levels which occurred following CPT consisting of 
postural drainage, clapping or vibrations, encouragement of coughing, 
and suctioning. The changes in the PaQo levels were not found to be 
significant. Although the PaQ> levels did not improve, chest x-rays 
taken within 24 hours of the treatment indicated improved lung status in 
68% of the patients. The CPT was most effective in the treatment of 
unilobar densities and atelectasis of acute onset. 

Following the advent, in 1977, of widespread use of transcutaneous 
oxygen monitoring, Hedstrand, Rooth, and Ogren (1978) attempted to eval- 
uate the effect of individualized therapeutic methods utilized in res- 


piratory physiotherapy. Arterial oxygen tension was estimated by the 
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transcutaneous oxygen tension method. Forty-five postoperative patients 
cooperated in a study in which the effects of taking 3 deep breaths in a 
60 second epoch, assisted by 1 of 3 respiratory therapy devices, were 
compared to the effects obtained during implementation of a standard 
physiotherapy programme. A peak increase in the Tcp0> level occurred 
after 1 minute and significantly increased levels were seen for 2 to 4 
minutes following deep breathing with the respiratory devices. The 
routine physiotherapy programme of verbal and manual assisted deep 
breathing resulted in an even greater rise in the Tcp0> level and 
prolongation of this increase to 6 minutes. 

Many recommendations have been made regarding CPT techniques. In 
1972, Pinney published one of the earliest guides for positioning 
infants for CPT. The method of CPT recommended was percussions using a 
cupped hand. 

Dunn and Lewis (1973) recommended postural drainage in order to 
facilitate gravitational drainage of secretions from the smaller bronchi 
to the larger bronchi. They suggested that the infant be placed in the 
appropriate drainage positions for lower and middle lobes for up to 
sixty minutes at a time. They also advocated the use of percussions 
using a small, padded plastic cup to “provide effective percussion with 
a suction cup action" (Dunn & Lewis, 1973, p.489). From their clinical 
experiences and adult studies using bronchoscopy to view movement of 


secretions in third order bronchi, Dunn and Lewis felt that vibrations 
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using an electric toothbrush was even more effective than percussions 
for loosening secretions. 

Philip (1977) recommended the use of a rubber nipple base for per- 
cussion of the neonatal chest wall, with the infant in the appropriate 
drainage position. Vibrations using an electric toothbrush was also 
advocated, but no other guidance on technique was offered. 

In an article regarding postural drainage positions, percussions, 
and vibrations techniques (Tecklin, 1979), Tecklin illustrated three 
types of equipment used in chest wall percussion: an anaesthesia mask 
for premature infants, a padded medicine cup, and a stethoscope head for 
term and older infants. The nurse was warned to not “percuss as vigor- 
ously as you would for an adult" (Tecklin, 1979, p.68). The vibrations 
technique was not recommended for infants. 

Meier, (1979) while mainly fulfilling a request to evaluate a 
research study (Curran & Kachoyeanos, 1979), made some conclusions about 
the safest and most effective form of CPT for all neonates. She recom- 
mended 12 appropriate drainage positions without percussions or vibra- 
tions. 

In their review of CPT techniques, Thibeault and Gregory (1979) 
recommended that percussions, "a series of blows .. . delivered to the 
thorax over the distribution of the bronchopulmonary tree" (Thibeault & 
Gregory, 1979, p.249), be performed prior to each tracheal suctioning 


and following postural drainage. They also suggested that, following 
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percussions, vibrations, using an electric toothbrush, be administered 
for a period of thirty seconds. 

In one of the most recent comprehensive neonatal nursing text books, 
it was recommended that CPT should be “expeditious to avoid tiring the 
infant" (Oehler, 1981, p.203). The author stated that, prior to drain- 
age of the appropriate lobe, percussions using a vibrator, padded medi- 
Cine cup, or padded toothbrush should be administered to loosen secre- 
tions. Vibrations should then be used to assist the movement of secre- 
tions from the pulmonary periphery. 

Obladen reviewed the major studies undertaken in CPT and described 
CPT as a "radical measure’ (Obladen, 1981, p.98) which, in experienced 
hands, provided an effective means of removing bronchial secretions and 
prevention of "wandering atelectasis" (Obladen, 1981, p.98). The method 
of CPT advocated in the studies was vibrations using an electric 
massager or toothbrush. It was also advocated that postural drainage be 
used only in cases of atelectasis. 

Meyer (1982) described a series of steps in CPT. Percussions, 
using a padded bulb syringe cut in half or a padded bottle nipple, 
directed to the particular area of disease was recommended every two to 
four hours. Postural drainage was also to be used in conjunction with 
CPT. Percussions, however, were not to be used on a routine basis but 
only with those infants whose conditions were relatively stable or who 


had mild respiratory distress. Meyer cautioned that many complications 
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of CPT could lead to rib fractures (Purhoit et al, 1975; Geggel et al, 


1978). 


Infant Handling 


The ill neonate is almost completely deprived of vestibular and 
social stimuli. Much of the stimulation the neonate receives is of an 
intrusive and noxious nature by way of injections, gavage feedings, 
blood taking, and diagnostic tests. The only time the neonate may 
experience nonintrusive tactile stimulation or touch is when he sel f- 
initiates it through accidental movements, such as moving or squirming 
against the bedding. Faced with the demands of keeping the i1] neo- 
nate's biological systems functioning and influenced by the assumption 
that handling of any kind increases the neonate's energy consumption, 
nursing personnel usually do not provide the il] neonate with the 
cuddling, caressing, and holding that the healthier infant usually 
receives. 

Kulka, Fry, and Goldstein (1960) hypothesized the existence of a 
kinaesthetic phase predating the oral phase of development and the exis- 
tence of kinaesthetic needs or drives, separate from and of equal impor- 
tance to the oral, anal, and phallic drives described by Freud (1910). 
By kinaesthetic is meant all incoming sensory modalities: light, touch, 
pressure, temperature, visceral, afferent, and their control representa- 


tions. Kinaesthetic drive refers to tension release or pleasure derived 
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through the above modalities. The kinaesthetic phase of development is 
never completely left behind but is modified and incorporated into 
highly complex and sublimated activities throughout life. 

The modality of expression of the kinaesthetic drive is motility. 
In the neonate, motion is the first means of tension discharge. At 
birth, the myelinization of the pyramidal tracts is incomplete. Also, 
since the extrapyramidal system is the dominant functioning motor sys- 
tem, cortical control has not yet been established. Therefore, the dom- 
inant movement pattern available for tension discharge and the re-estab- 
lishment of homeostasis is the mass reflex or so-called mass movement. 
The more premature or immature the infant, the more this mass movement 
dominates and is only gradually replaced by the less primitive reflexes 
and coordinated motor activities. With the twenty-eight week old 
infant, touch results in alertness and slight motor activity, while pain 
leads to withdrawal. In the gestationally older infant, pain also 
causes a cry or grimace. 

Greenacre (1941) stressed the fact that intrauterine life and early 
infancy form a continuum, and that the foetus reacts to discomfort with 
an acceleration of the life movements at its disposal. She stated that 
these movements are an earlier form of an anxiety-like response. She 
further postulated that the foetus derives some pleasure from moving and 
being in contact with the maternal body. 

When a baby cries, adults almost instinctively pick up and hold the 


baby close to them; often the infant quiets at once. The restraint, as 
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much as the human contact, seems to affect the infant's activity level. 
Greenacre stated: 
"The term restraint is a broad one, but in all forms of restraint 
there is the common situation that the free response (usually 
partly motor) of which the subject is capable is not permitted. 


Restraint may be applied through physical means as in binding 
the child's body .. ." (Greenacre, 1944, p.204). 


In nursing textbooks, swaddling which may be defined as "snug 
wrapping’ was suggested as a means of soothing the irritable infant. 
Reeder, Mastroianni, Martin, and Fitzpatrick (1977), when discussing the 
hypertonic infant wrote, "These infants usually respond favorably to 
being held securely .. . helps to allay tenseness" (Reeder et al, 1977, 
p.418). Others (Clark & Alfonso, 1979; Jensen, Benson, & Boback, 1977) 
give similar advice. None of the authors cited nursing research find- 
ings as the basis for this procedure. 

The researcn literature presents some contradictions. In an exper- 
imental study of infant soothing techniques, Birns, Blank, and Bridger 
(1966), found no differences among soothing techniques of warm water, 
rocking, pacifier, and sounds. 

Brazelton (1973) found that most fussing or crying newborns seemed 
to unintentionally initiate several maneuvers to regain control of them- 
selves and move to a lower state of consciousness. The most commonly 
observed actions used by newborns to quiet themselves were: hand-to- 


mouth movements, sucking on fingers or fist, sucking with nothing in 
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their mouths, paying attention to voices or faces in the environment, 
and changes in position. Some newborns, however, made few or very brief 
attempts to console themselves and always needed outside intervention. 
Others tried to console themselves; some were successful, while others 
were not. The newborns were able to calm themselves, at times, at least 
briefly, while at other times they needed outside help. A few infants 
were consistently able to console themselves and needed only minimal or 
occasional intervention. Most infants, however, needed periodic help 
from others in consoling themselves. Brazelton found some infants 
became quiet when they were talked to for a few minutes. Not all, how- 
ever, became quiet at the sound of a voice. Some infants responded to 
being touched (such as being stroked, having the caretaker's entire hand 
placed on their chest or abdomen), having their arms restrained, or 
being swaddled. Finally, one last group of infants quieted wnen rocked 
and/or given a pacifier. 

In her study of maternal comforting techniques in 30 mothner-infant 
pairs attending a well baby clinic, Dzik (1979) found that, as soon as 
the infants displayed distress in response to immunizations, maternal 
comforting in the form of patting, rocking, or cuddling was instituted. 
The infants soon quieted with these comforting measures. 

In her very comprehensive review of the literature, Tomney (1980) 
concluded that, while infant stimulation programs of tactile, vestibu- 
lar, and/or auditory input have demonstrated desirable effects of 


increased weight gain and maturation of neurological processes in the 
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nealthy preterm infant, the act of handling the critically ill neonate 
can have deleterious effects on oxygenation. There is evidence that 
both hypoxic and hyperoxic episodes which can result from excessive 
handling of the infant may result in long-standing negative sequelae 
with regard to motor and cognitive functioning. 

In her study, Tomney continuously recorded neonatal responses to 
handling in an intensive care unit. Ten critically il] prematures were 
Studied in two twelve hour epochs: while on and off pancuronium, a 
skeletal muscle relaxant. The study revealed a significantly greater 
duration of hypoxia and hyperoxia during the non-relaxed period when the 
infants did not receive pancuronium. As well, durations of ICP eleva- 
tion 10 cm Hj0 above the infants' baseline were significantly less 
during paralysis as were spikes of ICP to greater than 25 cm Ho0. One 
of the major conclusions established by Tomney was that “nursing care 
influences the physiological stability of the critically il] preterm 
neonate, whether or not he/she is paralyzed" (Tomney, 1980, p./77). 
Since the completion of Tomney's study (1980), there has been a definite 
lack of studies evaluating neonatal responses to handling. 

In a very recent study, Jay (1982) subjected 13 mechanically ven- 
tilated premature infants to 4 to 12 minute periods of touch daily. 
Dependent variables included: weight gain, temperature stability, oxy- 
gen requirement, incidence of apnoea and bradycardia, toleration of oral 
feedings, haematocrit level, Pa0> and PaCO> levels, pH, and length 


of hospitalization. When the intervention group was compared to a 
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retrospectively matched control group, it differed significantly with 
regards to two variables: haematocrit level and frequency of apnoea 
over time. The intervention group had higher haematocrit levels and 
more apnoeic episodes than the control group. 

Norris, Campbell, and Brenkert (1982) evaluated the effects of 3 
routine nursing procedures: repositioning, tracheal suctioning, and 
performing a heelstick, on the Tcp0> levels of 25 ventilated premature 
infants over a 3 hour period. In comparing mean Tcp0> levels measured 
during the procedures to those obtained during a three minute baseline 
period, significant decreases were noted during suctioning and reposi- 
tioning, with the former resulting in the greatest change. Recovery 
time (the amount of time required by the Tcp0> level to return to the 
baseline level) was significantly related to the magnitude of change due 
to repositioning of the infants. The investigators suggested that the 
infants' responses were influenced by the type of procedure performed. 

A recent textbook on neonatal intensive care contains one very 
brief chapter entitled "Minimal Handling” (Roberton, 1981, p.30). The 
text was based on the author's experience and on one reference (Korones, 
1976). The main concept of this chapter is embodied in the first 


sentence a basic tenet of neonatal care is that handling and 
disturbing a sick neonate in any way causes his condition to 


deteriorate" (Roberton, 1981, p.30). 
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Tracheal Suctioning 


Following any method of CPT, the neonate must be suctioned in order 
to remove any secretions which may have accumulated in the larger bron- 
chi. A few published research studies with regard to neonatal suction- 
ing techniques and/or its consequences are available for examination. 
In this section, studies of neonatal and adult responses to tracheal 
suctioning will be presented first, followed by a review of pertinent 
Jiterature with recommendations regarding suctioning techniques. 

As early as 1963, investigators began looking at the anatomical 
differences between adults and infants (Bush, 1963). Working with fresh 
intubated cadavers without obvious chest lesions, Bush found that a 
straight catheter passed only into the right mainstem bronchus (RMSB). 
On the other hand, an angled catheter entered the left mainstem bronchus 
(LMSB) 80% of the time. When live subjects were studied, in 19 out of 
22 attempts, a straight catheter entered the RMSB. Using the angled 
catheter, the investigator was able to reach the LMSB in 29 out of 34 
attempts. In all cases, the subject's head was held in the midline 
position. The author advocated the use of an angled suction catheter to 
adequately remove secretions from both sides of the bronchial tree. 

In assessing adult responses to suctioning, Shin, Fine, Fernandez, 
and Williams (1969) studied the electrocardiograms of 17 patients during 


tracheal suctioning. Transient cardiac arrhythmias occurred during 35% 
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of the suctioning episodes. These arrhythmias did not occur when the 
patients breathed 100% oxygen for 5 minutes prior to suctioning. 
Because of this statistically significant finding, the procedure of 
breathing 100% oxygen prior to and during tracheal suctioning was 
advocated for all patients to avoid potentially dangerous cardiac 
arrhythmias. 

Brandstater and Muallen (1969) found that atelectasis occurred 
following tracheal suctioning of six infants who were paralyzed with 
muscle relaxants and ventilated as treatment for severe tetanus neo- 
natorum. Variables measured included: airway pressure, oesophageal 
pressure, expired tidal volume, transpulmonary pressure, and pulmonary 
compliance. Tracheal suctioning consistently produced a marked fall in 
pulmonary compliance. This fall was even more pronounced wnen suction- 
ing was prolonged. When the infants were reconnected to the same 
respirator at the original settings, their lungs remained partially 
collapsed until a higher pressure or large tidal volume was applied. 
Partial lung reexpansion occurred commonly and was more complete when 
initial inflation pressure or stroke volume was high. The authors 
concluded that, especially in infants, the overzealous use of suctioning 
to prevent pulmonary atelectasis may, in some cases, be its main cause. 

Cordero and Hon (1971) demonstrated the effects of two different 
suctioning techniques on the neonatal cardiac rate. All neonates were 
monitored continuously prior to delivery and were considered to be nor- 


mal. Aspiration of the nasopharynx of 41 neonates with a bulb syringe 
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did not produce any cardiac arrhythmia. On the other hand, 7 of 46 
neonates developed severe bradycardia on introduction of a nasogastric 
tube (deLee suction trap) and suctioning of the oropharynx. In 5 out of 
the 7 cases, apnoea also occurred. Vagal stimulation was suggested as 
the underlying cause for this phenomenon. 

The results of a preliminary evaluation of the transcutaneous oxy- 
gen probe appeared in abstract form in 1976. In the abstract, Dangman, 
Hehyi, Hiatt, Idnyk, and James (1976) reported very wide variations in 
the Tcp0> levels. They found endotracheal suctioning resulted in 
fal-ls,of. Top0s.alevels2ofasup,. tow 40.«torr. The neonates required a 
recovery period from the suctioning of up to 7 minutes, a much greater 
period than that required for cardiac recovery from the same procedure. 

The study by Fox, et al (1978) has been referred to in an earlier 
section on CPT techniques. The study results pertinent to this section 
included a significant decrease in the Pa0> level and an increase in 
respiratory rate following suctioning. The investigators recommended 
that suctioning not be performed on a routine basis in infants recover- 
ing from respiratory diseases. | 

Ravel, Mora, Yeh, and Pildes (1978) studied the effects of percus- 
sions and suctioning on seven neonates who required ventilation. The 
variable measured was the Tcp0>9 level. While the levels fell signifi- 
cantly during each of the procedures, there was a significant increase 
in the Tcp0> level at the end of the suctioning procedure. The 


investigators concluded that percussions and suctioning improved 
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oxygenation and that, in order to avoid hypoxic episodes, the infant 
should be permitted to rest between the two procedures. They also 
concluded that ventilation, using only a 10% increase in oxygen via the 
respirator, was a safer procedure than the commonly accepted routine of 
using 100% oxygen. 

In an attempt to overcome the deleterious effects of suctioning, a 
Special suction adapter to enable caretakers to suction neonates without 
disconnecting them from the respirator, was developed. Cabal, Devast- 
kar, Siassi, Plajstek, Waffarn, Bianco, and Hodgman (1979) reported the 
responses of a group of premature infants with severe respiratory dis- 
tress to the new adapter. Each of the eight neonates was continuously 
monitored during two different methods of suctioning. Variables meas- 
ured included: arterial oxygen saturation and beat-to-beat H/R. In the 
first metnod, the infant was pre-oxygenated and then disconnected from 
the respirator for each pass of the catheter. In the second method, a 
special Novametrix C/D suction adapter was used without pre-oxygenation. 
Although, with both methods, H/R as well as saturation level decreased, 
both levels fell to significantly lower levels during the first method 
of suctioning. Also, these decreases were longer in duration. 

In 1979, it was thought that the neonate's head position may affect 
placement of the catheter during ETT suctioning (Fewell, Arrington, & 
Seibert, 1979). Bronchial catheterization was performed on 8 intubated 


neonatal cadavers, with the position of the radio-opaque tube being 
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confirmed by x-ray. Each cadaver was catheterized 6 times: twice with 
the head rotated to the left, twice with the head straight, and twice 
with the head rotated to the right. In addition, to determine the angle 
of bifurcation of the trachea, 40 chest x-rays of living neonates were 
measured and compared. Positioning of the cadavers’ head to the right 
in preparation for suctioning facilitated but did not guarantee cathe- 
terization of the LMSB. Positioning the cadavers’ head straight or 
turning it to the left was equally effective in permitting the catheter 
to enter the RMSB. The mean angles of divergence of the LMSB and the 
RMSB from the trachea were 44.0° and 24.1° respectively. The investi- 
gators concluded that contralateral head turning may change the angle of 
divergence of the LMSB and thus aid in catheterization during 
suctioning. 

Tudehope and Bagley's (1980) evaluation study of CPT methods has 
also been mentioned earlier. In examining neonatal responses to ETT 
suctioning, the investigators found that, when the majority of infants 
were disconnected from the ventilator and, hence, the oxygen source for 
suctioning, hypoxia and bradycardia developed. However, by using a 
suctioning adapter, Tudehope and Bagley found that they were able to 
reduce the amount of hypoxia and bradycardia. 

In order to evaluate the effects of tracheal suctioning on oxygen- 
ation, cardiac rate, arterial blood pressure, and pulmonary compliance 
in neonates, Simbruner, Coradello, Fodor, Havelac, Lubec, and Pollak 


(1981) assessed 5 infants in each of 2 groups. The first group 
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consisted of neonates weighing less than 1250 grams. The second group 
included neonates weighing greater than 1750 grams. During tracheal 
suctioning, the mean Tcp0> level fell 25 torr, while the mean H/R 
decreased 19 beats per minute (bpm), and the MAP increased 5 torr. Al] 
Changes, when compared to control values, were statistically signifi- 
cant. No differences were found between the two groups. The investi- 
gators, however, raised the possibility that a neonate's negative 
response to handling could produce similar changes. 

Perlman and Volpe (1982) presented, in abstract form, the effect of 
oral suctioning (OS) and endotracheal suctioning (ES) on cerebral blood 
flow velocity (CBFY), MAP, and ICP in 15 premature neonates. In each 
case, the CBFY, MAP, and ICP increased significantly with both types of 
suctioning. The mean change in MAP during OS was 7.2 millimeters of 
mercury (mmHg) and during ES was 7.5 mmHg. The mean ICP increase 
recorded during OS was 7.3 cm H90 and during ES was 8.0 cm H90. ~ The 
data indicated that both forms of suctioning were associated with a 
sudden increase in CBFV. The researchers theorized that the increase in 
MAP (because of impaired autoregulation) led to an increase in CBFV 
which was then reflected in the ICP increase. 

Cunningham, Nelson, and Baun (1983) studied eight premature infants 
during suctioning of the ETT to determine the effectiveness of oxygen 
(O05) concentrations 10% and 20% higher than maintenance, at rates of 5 
breaths in 15 seconds or 10 breaths in 30 seconds . The variables 


studied were Tcp0> and H/R. Data indicated that neonates being 
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ventilated for HMD responded more adversely to ETT suctioning than neo- 
nates being ventilated for other respiratory problems. Bradycardia 
occurred in 5 infants but was more frequent during the use of 10% 
Supplemental O05 given over 15 seconds in those infants with HMD. 
Overall, the study, reported in abstract form, indicated that supple- 
mental O05 20% greater than maintenance at a rate of 5 breaths in 15 
seconds prior to and following each pass of the suction catheter result- 
ed in the least frequent occurrence of hypoxia and/or bradycardia. 

Vaughan, Menke, and Giacoice (1978) presented a case report of two 
neonates with pneumothoraces which were directly attributable to ETT 
suctioning. When chest x-rays of these neonates were taken with a 
radio-oOpaque catheter in place, the catheter was assessed as being in 
the right pleural space. As a result, the authors questioned the recom- 
mended suctioning technique of inserting the suction catheter as far 
into the airway as possible without using force and then withdrawing the 
catheter 0.5 cm prior to the application of suction (Gregory, 1972). 

Several recommendations regarding suctioning techniques are to be 
found in the literature. Gregory (1971) warned that, due to apnoea and 
bradycardia, ETT suctioning was a potentially hazardous procedure for 
the neonate. In order to overcome these problems, he recommended the 
use of hyperinflation using sighs of pressures 25% greater than normal 
during the procedure as well as flowing oxygen over the ETT connector 
during suctioning. Head turning to facilitate catheterization of both 


mainstem bronchi was also advocated. 
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According to Dunn and Lewis (1973), two people should be present to 
expedite endotracheal suctioning. Also, the airway should not be 
obstructed by the suction catheter longer than ten seconds to limit 
hypoxia and "bag breathing with an increased oxygen concentration" (Dunn 
& Lewis, 1973, p.494). In order to increase the likelihood of reaching 
secretions in both mainstem bronchi, head turning was, again, 
recommended. 

Klaus and Fanaroff (1973) cited four possible complications which 
could occur with suctioning: a) introduction of infection, b) anoxia, 
c) atelectasis, and d) production of traumatic lesions. As a result, 
Strict sterile technique was advocated as well as a recovery period 
between each pass of the catheter. Routine instillation of normal 
saline prior to suctioning was thought to be not necessary “if adequate 
nebulization is used" (Klaus & Fanaroff, 1973, p.160). 

According to Thibeault and Gregory (1979), suctioning of the airway 
is particularly important following any method of CPT. After examining 
the literature, the authors concluded that most of the complications of 
suctioning could be avoided through the use of a proper technique. 
According to Thibeault and Gregory, suctioning should occur at least 
every two hours immediately following CPT. Infants should be ventilated 
with 10% higher oxygen just prior to and shortly following suctioning 
and duration of suctioning should not exceed ten seconds. They further 


stated that instillation of normal saline into the ETT and head rotation 
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ensured maximum removal of secretions and that flowing oxygen over the 
ETT connector during suctioning aided in avoiding hypoxia. 

Stavis and Krauss (1980) suggested that endotracheal intubation 
inhibits ciliary movement, resulting in the loss of a normal mechanism 
for clearing mucus. They pointed out that an adequately sized suction 
catheter should be employed in order to clear the maximum amount of 
mucus possible and to avoid carbon dioxide (C09) retention and ETT 
blockage. Some complications of inadequate or improper technique cited 
by Stovis and Krauss included pneumothorax and overhydration due to 
failure to remove all instilled fluid. 

The hazard of introducing infection during suctioning was of utmost 
concern to Obladen (1980). Besides strict adherence to aseptic tech- 
nique, he advocated the use of hyperventilation prior to suctioning. 
Head turning was recommended in order to stretch the contralateral 
primary bronchus. In order to prevent atelectasis, he stated that the 
Suction catheter should never seal the lumen of the ETT and should be 
inserted one centimeter beyond the end of the ETT before applying 
suction. 

Oehler (1981) stated that suctioning of the airway should be 
performed whenever necessary, usually on an hourly basis. Both hyper 
oxygenation and hyperventilation were recommended prior to initiation of 
suctioning. Following instillation of the ETT, Oehler pointed out that 
the suction catheter should be inserted 0.5 to 1 cm beyond the end of 


the tube. No more than ten seconds of suctioning at one time was 
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recommended. If further passes of the catheter were required, a full 
minute's rest between each pass was advocated. 

Roberton (1981) suggested that suctioning every 4 to 6 hours was 
sufficient to maintain patency of the airway of a neonate with early 
respiratory distress. He stated that, following instillation of the 
ETT, suctioning should commence and that, if the Tcp0> level fell to 
less than 50 torr, the infant should be reconnected immediately to the 
ventilator. 

Caution was advocated by Schreiner and Kisling (1982) in suctioning 
via the ETT. They recommended that head turning be used to place the 
catheter in the desired mainstem bronchus and that, following instilla- 
tion of normal saline, the ETT should be catheterized for no longer than 
10 seconds. They stated that infants who were term or near-term in 
gestational age should be hyperventilated and hyperoxygenated before and 
after suctioning. They stressed that the condition of the infant should 
dictate frequency of suctioning. Careful observation of the infant dur- 


ing suctioning was thought to be imperative. 


Instrumentation 


Over the past ten years there has been a noticeable shift from 
monitoring the critically il] neonate using invasive (requiring blood to 
be drawn or skin to be broken) procedures to using non-invasive monitor- 
ing procedures (Finer, 1980; Philip, 1982). The aim of continuously 


monitoring the neonate is to detect problems as early as possible. In 
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addition, efficient monitoring permits the newborn's caretakers to 
assess and evaluate the effectiveness of therapy. 

Non-invasive monitoring was first used to observe the electrical 
activity of the heart (EKG). This form of monitoring made it possible 
to follow the heart beat directly on a screen. Through the use of the 
EKG, it also became possible to ascertain indirect (albeit imprecise) 
information reflecting imbalances in the chemical composition of the 
Dlood. It soon became apparent, however, that this form of monitoring 
was not suitable for use with the newborn infant because of the approxi- 
mate nature of the indirect information and the time which lapsed 
between the occurrence of actual bradycardia or tachycardia and the 
signaling of the situation via the monitoring alarm. 

The linkage of cardiac monitoring to the monitoring of respiratory 
movements by impedance measurement (Philip, 1977) was a definite 
improvement because most disorders in essential functions of the neo- 
nate, especially the premature infant, are respiratory in origin. 
Replacement of simple EKG monitoring by the recording of beat-to-beat 
H/R also permitted an indirect assessment of neurological distress 
(Willard, Messer, & Benoit, 1976; Finer, 1980). Cardiac rhythm is, in 
fact, partly regulated by afferent nerves. While thoracic impedance 
measurement provides an accurate indication of the mechanical aspects of 
ventilation, it provides little information as to the efficacy of 


respirations. 
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The advent of continuous non-invasive measurement of the PaQs 
level made it possible to detect pathologies in oxygenation of the blood 
within seconds of a threatening event. It also made it possible to 
adapt, more exactly, oxygen, as well as other forms of therapy, to the 
needs of the infant being treated (Finer & Stewart, 1980). 

Transcutaneous oxygen monitors, when applied correctly, provide 
information which, when analyzed, have shown high regression coeffi- 
cients between the PaQ» level and the Tcp0> level. These regression 
coefficients have ranged between 0.94 (Huch, Huch, & Albani, 1976) and 
0.98 (Peabody, Willis, Gregory, Tooley, & Lucey, 1978). Tomney (1980) 
reported a Pearson's r value of 0.93. Such high correlations lend 
credence to the belief that transcutaneous oxygen monitoring gives an 
accurate reflection of the neonatal arterial oxygen level. 

One of the latest innovations in non-invasive neonatal monitoring 
is the TcpCO> monitor. The PaO» and PaCO> levels generally change 
in a symmetrical and inverse manner as a direct function of the prevail- 
ing pathology and administered treatments. Several common neonatal 
conditions such as HMD and bronchopulmonary dysplasia (BPD) exist in 
which oxygen and carbon dioxide partial pressure curves are not related 
to each other. It has been established that hypercapnia, in association 
with acidosis, has a vasoconstrictor effect on the pulmonary circulation 
and an unfavourable effect on blood oxygenation. However, its role as a 
cerebral vasodilator is stressed less frequently (Hambleton & Wiggles- 


worth, 1976; Leahy, Sankaran, Cates, McCallum, & Rigatto, 1980). There 
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TS" 7d Fd1SLINCT = possipiiity sthac. tnhs “VasodTiationepl ays= a°omajor} or 
perhaps, secondary role in the formation of cerebral haemorrhages in the 
newborn. Hypercapnia leads to cerebral vasoconstriction and hyper- 
lactaemia which, in turn, may also have metabolic consequences. 

It is, then, important to monitor the PaC05 level of the criti- 
cally ill neonate to try to maintain it within safe limits. There has 
been a growing interest in the development of a non-invasive PaC05 
probe. It is a relatively new monitoring technique. The applicability 
and limitations of this technique need to be explored. Clinical trials 
have been underway since 1979. 

Measurement of the TcpC09 level is based on the chemical reaction 
of carbon dioxide with water and the formation of bicarbonate and hydro- 
gen ions. The pH potential of the hydrogen ions is converted internally 
in the TcpC0> probe to’ represent a pC0>9 frequency signal. This 
signal is transmitted to and converted in the amplifier, and finally 
appears on a digital display at the bedside. 

Early) rellabslity*and validity “reports. of tne= wicpC0> =sensor are 
promising. Laptook and Oh (1981) Ware able to establish a correlation 
coefficient of 0.85 between 191 arterial C09 and transcutaneous C09 
levels of 20 neonates. Monaco and McQuitty's correlation coefficient of 
r = 0.91 is even more promising. The investigators measured 106 C09 
pairs (arterial and transcutaneous) in 15 sick neonates. Bhat, Kim, 
Shukler, & Vidyasagar (1981) established an overall correlation of r = 


079). In this study, 108 samples were taken from 22 critically il] 
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neonates. A study of the reliability and validity of the Roche TcpC0> 
probe in the Royal Alexandra NICU indicated a correlation coefficient of 
OsiSpnbetween othe pnPaCOo.9 levelpaand thei TcpCOg-\Jevels on 196. COs 
(arterial and transcutaneous) pairs. 

The final physiological measurement used in the current study was 
oesophageal pressure. Chest physiotherapy (percussions and vibrations) 
is based on the principle that pressure is transferred from the external 
chest wall (striking point) to the lung surface and bronchial tree. 
This transfer of force may be detected by monitoring the oesophageal 
pressure. For years, oesophageal pressure has been measured with the 
use of oesophageal balloons (Agostone, 1959; Cherniak, Farhi, Armstrong, 
& Proctor, 1959; Avery & Cook, 1961; Daly & Bondurant, 1963; Nightingale 
& Richards, 1965; Geubelle & Senterre, 1970). In two recent studies, 
satisfactory oesophageal pressure tracings were obtained through the use 
of a water-filled feeding catheter or tube. 

Gerhardt and Bancalari (1980) determined chest-wall compliance in 
26 premature and 10 full term mechanically ventilated infants. The 
investigators reported that, during mechanical ventilation, the high 
chest wall compliance and low lung compliance of premature infants 
prevented a significant rise in intrapleural pressure. The researchers 
reported that it was possible, via a feeding tube to “transmit esopha- 
geal pressure changes with accuracy" (Gerhardt & Bancalari, 1980, 
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Asher, Coates, Collinge, and Milic-Emili (1982) assessed the accur- 
acy of the water-filled oesophageal catheter by comparing the changes in 
oesophageal pressure and airway opening pressure which occurred 
Simultaneously during occluded respiratory efforts in six healthy neo- 
nates. They concluded that "the water-filled 8-Fr esophageal catheter 
gives an accurate measurement of pleural pressure changes’ (Asher et al, 


1982, p.491). 


Conceptual Framework of the Study 


The conceptual framework used for the study is based on physio- 
logical theory. It is a combination of clinical and theoretical knowl- 
edge. A graphic representation of the framework appears in Figure l. 

While the effect of deliberate application of pressure to the 
external chest wall (and thereby increasing intrathoracic pressure) has 
been minimally examined, studies of the effects of negative pressure 
ventilation in neonates have shown that an increase in negative pressure 
leads to an increase in functional residual capacity (FRC) and venous 
return from those areas of the body to wnich pressure is not directly 
applied (Chernick, 1973; Chernick & Vidyasagar, 1972). When one 
considers that more than 50% of the total neonatal blood volume may be 
circulated to the brain in very immature infants, shifts in the distri- 


bution of only a very small proportion of the circulating volume may 
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FIGURE 1 


Conceptual Framework of the Study 
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result in major increases in pulmonary vascular volume. This in turn 
may lead to a decrease in’ systemic blood pressure, cardiac output, and 
cerebral blood flow (CBF). 

The application of pressure to the external chest wall at a rate 
other than that of a person's respiratory rate may be disruptive to the 
normal rhythmic breathing pattern. Such an interruption can lead to 
apnoea, asynchronous respirations, periodic breathing, crying, and/or 
struggling. The end result of any disruption in ventilation, no matter 
how brief, may be a decrease in the PaQ> level and a concurrent rise 
in the PaC0> level. 

Tomney (1980) has effectively demonstrated that critically ill pre- 
mature neonates respond to most handling and/or noxious stimuli in a 
relatively predictable pattern of increased H/R, MAP, and ICP. In 
addition, the PaQ>, PaCOo, and pH (which may increase or decrease) 
levels may decrease. Because of the pathophysiology involved in crying, 
One can also conclude that an increase in intrathoracic pressure (as in 
Valsalva’ s test) may lead to a decrease in venous return, cardiac out- 
put, and pulmonary vascular filling. The foramen ovale and the patent 
ductus arteriosus (PDA) may also contribute to the establishment of 
great pulmonary shunts (both intrapulmonary and extrapulmonary) during 
crying. 

Instillation and suctioning of the ETT has long been felt to be a 
noxious but very necessary procedure to ensure patency of the ETT. 


Normal saline is usually used to dilute the viscosity of the mucus, 


‘ao 
u 
avant 1 rhar omise 6 


one , tutes sstowes esas 


i 4 oe) Pa - 4't aa — 
ot a? erttqyyveth.sd sm, SS) eee? — 
: VES a 
ot peat feo actiqerratoh one nae inyeaten pate a2 


iw 


ifs aie 1n26974 a ican we 


sajgeu on , wei rinevy ont notsquegity ve om phe 
ary seers » Soe f yt ead eit ni ee a 
- es 7 


Viteoiginn tert beg eSannmed yfeviraer™s 2 
. 
un ?2 ye° 200 nn parlonin Sram <o CG 
Ti ‘ 
: a oe seeStonr Th KITT ER 
: : x eo . 
: 7 


sa%3a> WO @peeran’r ¥en note) he ye e090 
sey f o\ iy & “pe tol: rig Lr ‘tial bia ae asa a 
siyszerd SiaeonseNtah at aievi he ters atets ? dh 
Te mote ‘al scabyaeb tw nana : 
; f ss wai 
id bee vigve onpsrol oat. re re woomloq bre 


- oa aa sa 
“es ;e" ai? og serena nin Loe i ve nd 7 A 
a t "i aS a : ~ : ; 
nr | accel) wee? - DME yisaonte "ae t ovitod) Prgil nT 1c 
| : ~ oh i 
id = = ; - _ 7 


_ 


s ad of flo? asad gwot sam pica . 
ren — 


7 ant. vo yore ‘ears bain 


.tuadh 387 Yo ys hagsety a atenh & 
- 


7 et 


on 


43 


thereby facilitating its removal by the suction catheter. This 
procedure requires turning the head to the contralateral side (leading 
to an increase in ICP) and disconnecting the ETT from the ventilator 
and, hence, cutting off the oxygen source as well as airway resistance 
and impetus to breathe. The following may result: a decrease in the 
PaQ> level and an increase in the A-a 09 gradient and the PaC0o 
level. Also, the saline and the suction catheter may irritate the 
tracheobronchial system. This irritation may lead to a reflex broncho- 
spasm, a decrease in tidal volume (Vr), and vagal and/or cough reflex 
Stimulation which may, in turn, decrease the H/R and cardiac output. 
When the mucus is suctioned, intrapulmonic gases are also aspirated. 
The sudden removal of these gases may cause a decrease in pressure wi th- 
in the alveoli leading to alveolar collapse. The sudden drop in Pa0s 
can result.in left to right shunting of blood leading to pulmonary 
engorgement, increased haemodynamic load on the left ventricle and, if 
prolonged, pulmonary oedema. Fletcher and Avery (1973) demonstrated 
that, when a neonate ventilated with an Fi09 of 1.0 is suctioned, 
atelectasis of large areas of lung tissue results which may prevail for 
prolonged periods of time. 

Because the neonatal heart cannot increase its own stroke volume, 
any substantial drop in H/R (40%) may be accompanied by a dangerous fall 
in cardiac output (Finer & Stewart, 1977). This fall in cardiac output 
may, in turn, be reflected in a concurrent decrease in arterial blood 


pressure. Finally, an adequate blood supply to the brain is dependent, 
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for the most part, on the cerebral perfusion pressure which can be 
defined as "the difference between mean venous and mean arterial pres- 
sures" (Reynolds, Evans, Reynolds, Saunders, Durbin, & Wigglesworth, 
1979, p.170). 

In all phases of the model, a decrease in the Pa0> level may 
result. The volume of 05 poor blood circulating to the brain can 
quickly lead to cerebral hypoxia or even anoxia. There is clinical and 
experimental evidence that the brain is relatively resistant to arterial 
hypoxia (Pape & Wigglesworth, 1979). A pronounced or prolonged lowering 
of the PaQ> level may be accompanied by an increase in CBF which may 
cause irreversible structural damage through focal intracranial haemor- 
rhages. It has been suggested, on the basis of anatomical studies, that 
disruption of the microcirculation within the subependymal matrix might 
result from transient increases in arterial pressure associated with 
apnoea (Hambleton & Wigglesworth, 1976; Wigglesworth & Pape, 1980). 
This effect may be accentuated by the cerebral vasodilation caused by 
the hypoxia and hypercapnia of HMD. With the pliable cranium of the 
neonate, increases in arterial pressure are accompanied Dy oul 
pronounced changes in transmural pressure than is the case with the 
fused skull of the adult. 

In studies of CBF using the Xenont33 method (Low, Lassen, & 
Frii-Hansen, 1979), a low CBF in asphyxiated premature infants and wnat 
appears to be a direct relationship between CBF and blood pressure (BP) 


in such infants have been demonstrated. It has been suggested that 
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asphyxia results in a loss of autoregulation of CBF in preterm infants 
and that overperfusion results, when the infant's BP returns to normal 
or high levels following its decrease. It has yet to be established 
whether or not the small preterm infant has the ability to autoregulate 
CBF in the classical manner, that is, to maintain a relatively constant 
CBF over a wide range of BP. In adults, autoregulation is abolished by 
extreme hypercapnia or hypoxia. Thus, the lack of autoregulation in 
infants with asphyxia or HMD may be no more than the expected result of 
blood gas changes. 

A low CBF accompanied by a decrease in BP during asphyxia may 
impair the neonate's ability to autoregulate the CBF. Whether or not 
this impairment persists after blood gas tensions return to normal has 
yet to be proven. Another possibility is that a low CBF causes direct 
ischaemic damage to the integrity of the capillary bed within the sub- 
ependymal matrix. In any event, a rise in BP following its decrease may 
Cause haemorrhage due to disruption of the periventricular capillary 
bed. The major problem, ultimately, is the poor control of CBF in the 
critically ill neonate. It seems very probable that quite rapid fluctu- 
ations between hypoperfusion and hyperperfusion of these infants’ brains 
may lead to haemorrhage. If the haemorrhage is severe enough, death can 


ensue. 
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Summary 


The objectives of CPT are to remove secretions and improve ventila- 
tion. The effectiveness of CPT in removing secretions (Etches & Scott, 
1978) has been demonstrated in at least one study. Studies conducted to 
determine whether CPT improves ventilation and/or oxygenation have pro- 
duced conflicting findings. The belief that CPT and suctioning are 
effective in maintaining airway patency is generally accepted but has 
yet to be scientifically validated. In view of the fact that there are 
many potential complications associated with CPT and that the neonate 
must be subjected to handling and noxious stimuli, CPT certainly cannot 
be considered a benign procedure. 

Because of the great advances in modern technology, many aspects of 
neonatal physiology can be measured fairly accurately through the use of 
both invasive and non-invasive monitoring procedures. Continuous 
monitoring techniques can provide information about how the neonate is 
responding to therapy administered to him/her. 

The conceptual framework, based on the review of the literature, 
graphically depicts the expected results of the various aspects of CPT 
(percussions, handling of the infant, instillation and suctioning of the 
ETT) and the expected results, if deleterious responses are not 


corrected. 
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METHODOLOGY 


Research Design 


The study was designed to yield a description of the responses of 
the respiratory distressed neonate to chest physiotherapy in terms of 
some selected physiological parameters. It was also designed to enable 
a comparison of the respiratory distressed neonate's responses to two 
different methods of CPT in terms of some selected physiological 
parameters. 

A clinical, controlled, randomized, experimental, simple cross-over 
design (Cochran & Cox, 1957) with each neonate acting as his/her own 
control was used. The cross-over design is very similar to that of the 
Latin square. However, the cross-over design was used due to the smal] 
number of treatments (two) given in each case. The study design may be 


depicted as follows: 
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According to Kerlinger (1973), a research design has two main pur- 
poses: a) to answer the research question(s) and b) to control vari- 
ance. The experimental design is considered to be a rigorous research 
approach as it allows for rigid control of relevant variables that may 
contribute to variance. In an experimental design the researcher man- 
jpulates and controls one or more variables in order to examine the 
resulting variation. Kerlinger (1973) stated that three sources of 
variance must be considered and controlled in any effective design: 
systematic, extraneous, and error. 

Systematic variance refers to the variance of the effect of the 
independent variable(s) on the- dependent variable(s). It should be 
maximized. The independent variables in this study were the two dif- 
ferent methods of administering CPT, while the dependent variables 
included: A-a 05 gradient, Tcp0o, -PaCO5;,°TcpCO>, H/R, ICP, and 
MAP. In the study, if the two methods of CPT prove to be not substan- 
tially different, there will Be less chance of separating the effects of 
the independent variables from the total variance of the dependent 
variables. | 

A second source of variance to be controlled is the variance due to 
extraneous variables. Kerlinger (1973) suggested that the most effec- 
tive way of controlling these variables is through randomization. 
Random assignment of patients to treatment groups and then treatments to 


the groups is the best way to control all possible extraneous variables 
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that might possibly influence the dependent variables. Randomization is 
also the best method for assuring that groups are statistically equiva- 
lent at the beginning of the study. In the study, the subjects were 
randomly assigned to one of two treatment order groups. 

The final source of variance is error variance. Error variance jis 
defined by Kerlinger as: 

variability of measures due to random fluctuations whose basic 

characteristic is that they are self compensating. . . Random 

errors tend to balance each other out so that their mean is 

zero, but systematic variance is in essence predictable. Error 

variance is unpredictable (Kerlinger, 1973, p.311). 

An important source of error variance derives from errors of measure- 
ment. These errors can be eliminated, to a large degree, through 
Standardization of the experimental conditions. In the study, al] 
epochs were timed using the same time-piece and a metronome was enployed 
to ensure equivalency in the rate of percussions. 

Experimental designs can be threatened by several factors which 
jeopardize internal and external validity. Internal validity is the 
degree to which changes in a dependent variable are directly attribut- 
able to the independent variable (Campbell & Stanley, 1963). Although 
eight threats to internal validity have been described in the liter- 
ature, only four were considered to be applicable to this study: 
a) history, b) maturation, c) instrumentation, and d) testing. 

History refers to "the specific events occurring between the first 


and second measurement in addition to the experimental variable" 


(Campbell & Stanley, 1963, p.5). Examples of such possible events in 
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this study included: changes in intravenous infusions, changes in 
ventilatory settings, and the administration of medical therapy which 
might have had a direct effect upon the neonate's responses to the CPT. 
The influence of history becomes more problematic as the time interval 
between one observation and another increases. An attempt to minimize 
this influence was made through trying to permit only a maximum of four 
hours to lapse between CPT sessions in any one neonate. The study was, 
however, conducted on critically ill neonates whose condition and 
therapy requirements were to take precedence over adherence to the study 
protocol. As a result, internal invalidity due to historical sources 
remained a possibility. 

Maturation refers to those processes within subjects which operate 
as a function of time and are not specific to a particular event 
(Campbell & Stanley, 1963). The majority of subjects in this study 
suffered from HMD, a disease which, when uncomplicated, has a fairly 
predictable course. Typically, the condition of an infant with HMD 
gradually worsens over the first 48 hours of life as the infant tires, 
Stabilizes for 24 hours, and then steadily improves. By the end of the 
first week of life the infant has usually recovered (Roberton, 1981). 
In this study, it was thus possible for the internal validity of the 
study to be threatened by the maturational processes of the infants’ 
Stage of disease and by normal physiological changes in the infants. To 
overcome this problem, in part, neonates with uncomplicated HMD were 


Studied when they were at least 48 hours of age. Also, random 
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assignment to the treatment groups and treatment order was used to 
overcome maturational threats to internal validity. 

Instrumentation refers to the measuring tools (Campbell & Stanley, 
1963). In this study, the threat to internal validity through changes 
in the measuring tool or in the observers over time was reduced by cali- 
brating the instruments prior to each CPT session and by having only the 
researcher take the measurements. Prior to the start of each data col- 
lection period, values determined through transcutaneous monitoring were 
compared to those of arterial blood samples drawn simultaneously to a 
digital readout observation from the appropriate non-invasive monitor. 

Testing refers to "the effects of taking a test upon the scores of 
a second testing" (Campbell & Stanley, 1963). In order to decrease the 
influence of this factor, two procedures were built into the research 
design. First, all infants were randomly allocated to one of two 
groups. Group one received the Bennett method of CPT first, followed by 
the Boyd method of CPT, while Group two received the CPT sessions in 
reverse order. Secondly, the CPT sessions were given at jeast one hour 
apart so that secretions could reaccumulate. 

The external validity of a study refers to the degree to which 
findings can be generalized to other populations, settings, or circum- 
stances (Campbell & Stanley, 1963). If nursing research is to be effec- 
tive in improving nursing practice, its findings must be applicable to 
nursing practice. Unfortunately, frequently in nursing research situa- 


tions, subjects cannot be randomly selected from a defined population. 
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It is then impossible to generalize from the research findings. In this 
study, the small number of babies observed in each group (n = 15) and 
the lack of random selection limit the applicability of the results to 
the study population. The fact that neonates were randomly assigned to 
treatment groups and treatment order does aid, in part, in overcoming 
threats to external validity due to interaction effects of selection 
biases and the experimental variables. 

Sinclair (1966) suggested that researchers use each infant as his/ 
her own control, and measure infant response to a randomized order of 
test situations to contend with known (or unknown) heterogeneity of the 
Study sample. Many factors remain unknown or uncontrollable and it is a 
formidable task to select a completely homogeneous sample. The use of 
an inordinate number of sample delimitations greatly restricts the tar- 
get population to which the study results can be generalized. To ensure 
a relatively homogenous sample, a minimum number of delimitations were 


used in this study. 


Criteria for Selection of Subjects 


Only neonates were included in the study as it is crucial to learn 
how to decrease the high mortality rate wich characterizes the entire 
first month of life. The period of greatest risk with regard to survi- 
val is the first day following birth due, in part, to the critically i1] 


newborn's inability to adapt physiologically to his/her external 
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environment. For the most part, neonatal respiratory distress manifests 
itself within twelve hours of birth and is resolved within a two week 
period. By 28 days of age, the infant is rarely in a state of constant 
Fux. 

Only infants wnose weight was greater than 750 grams were included 
in the study for the following reasons. Advances in neonatal medical 
knowledge and technology have made possible the survival of smaller 
infants. Aggressive treatment of infants wno weigh less than 750 grams 
at birth is prevalent (Gordon, 1977; Knobloch, Malone, Ellison, Stevens 
& Zdeb, 1982; Williams & Chen, 1982). However, an infant who weighs 
less than 750 grams is very immature and poorly equipped to handle the 
iatrogenic bombardment of neonatal care. Cerebral blood vessels are 
poorly supported with muscular and adventitial tissue. The very smal] 
preterm infant is thus at great risk for incurring an intracranial 
haemorrhage, the leading cause of death of very premature infants 
(Anmann, Lazzara, Dykes, Brann & Schwartz, 1979; Bejar, Curbelo, Coen, 
Leopold, James & Gluck, 1980; De Courten & Rabinowicz, 1981; Papile, 
Burstein, Burstein & Koffler, 1978; Shinnar, Molteni, Gammon, D'Souza, 
Altman & Freeman, 1982; Volpe, 1981). Excessive handling during this 
critical developmental phase can lead to deleterious results in the 
neonate (Tomney, 1980). As a result, it was felt the extra handling 
required for this study may lead to a deterioration in the neonate's 
condition. In addition, the very small neonate was simply too small to 


permit placement of the monitoring equipment necessary for the study. 
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Infants who were intubated were chosen for study to decrease vari- 
ation with regard to suctioning technique. In addition, the requirement 
of an FI09 of .90 or less permitted the researcher some leeway with 
regard to resuscitation if the neonate required it during the CPT or 
post-CPT period. 

It was considered necessary for all infants to have an indwelling 
arterial line to permit easy, unobstructed access to arterial blood for 
evaluation of blood gas levels (Shapiro, Harrison & Walton, 1977). The 
arterial line also permitted continuous recording of the mean arterial 
blood pressure. 

The use of short-acting sedation prior to treatment may also 
decrease the infant's ability to respond to stimuli. Consequently, any 
infant requiring sedation for irritability and/or restlessness was not 


included in the study population. 
Study Sample 


Thirty neonates meeting the study criteria were admitted to the 
Study over a six month period. Twenty-two of the infants were born in 
the Royal Alexandra Women's Hospital and eight were transported from 
various hospitals outside of Edmonton. Sixteen of the infants had a 
diagnosis of HMD; the remainder had a variety of diagnoses. Patent 
ductus arteriosus (PDA) was a complication of prematurity in four of the 


neonates. Ten neonates required chest tubes for’ relief of 
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pneumothoraces. In all cases, the pneumothorax was unilateral and chest 
tubes were inserted bilaterally to prevent occurrence of a _ second 
pneumothorax on the contralateral side. The study sample of 17 males 
and 13 females ranged in birthweight from 750 to 4030 grams with a mean 
of 2115 grams (SD + 873.74). The infants’ gestational ages varied from 
25 to 42 weeks with a mean of 33.60 weeks (SD + 4.01). Twenty-five of 
these infants were considered to be premature. The 30 infants were 
studied at a mean age of 2.90 days (range 1 to 10 days, SD + 2.02) and a 
mean weight of °2168.17 grams {range 750 to 3910, SD + 905.60). The 
demographic characteristics of all study subjects are presented in 
Appendix 2 and the respiratory status of all study subjects are 
presented in Appendix 3. 

Group I of the sample consisted of 15 neonates whose birthweight 
ranged from 760 to 3720 grams with a mean of 2204.70 grams (SD + 
1048.86) and gestational age ranged from 25 to 40 weeks with a mean of 
SH OUMWEEKS (SD 435) 4 PTX, Of the infants. were tfemale “and’s9 twere 
male. Eight infants suffered from HMD; 2 infants were diagnosed as 
having a PDA. Four infants were studied while on Pavulon and 2 neonates 
had chest tubes. 

Group II of the sample consisted of 15 neonates who ranged in 
birthweight from 750 to 4030 grams with a mean of 2203.30 grams 
(SDR e028 77%) and in gestational age from 26 to 42 weeks with a mean of 
32.80 weeks (SD + 3.54). Of the 7 females and 8 males, 7 suffered from 
HMD and 2 suffered from a PDA. Two infants were studied while on 


Pavulon and 8 neonates had chest tubes. 


ta 
7) 


drome tne tyyet (Vie age Hm — 


a 


mo 3ee 86§ i6 eplieyawsoC The - % 
Tt?” a one. bute att 238] 
o nd a - 
pte Pe apiry ONDE 62: ORR, + ht 
ain ‘gnnttagese tae ths Las 
ma " r 
by Pett (iis? ¢ + 02) Hemet Sy te co oe as reais 
o 
pet . " eo ve oI canta i 
a - P83 ~~ 
an | So 2 evs VL OF = anne) sephi ¢ Sb ® ; Dae Ys 
ad’ i (ie 0c ee ,OTRE of Oe spor) ome 2 ipa 
aa 
ae ynuga~ Ite. te solrae3roeteeS 
. hae? Ger: iW: 1 aE S YAP bape ote bos 
: | 7 
ar * : — 
: € arena — 4 
20 1 oe ; aigest io Yo 4 
yh . : oH . “e " omy ashe BP ae oa 
- 
‘ 4 iow O8 wast: bn BV": * PE prone 
Pa eee ee totes “ 
ne Di ov. eaont S mee . Saws? ree Fs, “ etd 
. | . = il 
2 > of j vi j a = atied See rngz 514 scdiahliiltloaihlk 
i a a ; y\ 
_ E 
beqtip>s ote ses@npen. ©. Ye dla 
saeto (BOSS tc. nan & «TN ee, 


% 


fo’ pyveteus ‘ 


ne 


7 


o segr a the cépoe ts. 09°58 


atte bothyle 


oe 


lem & tri, ats 


aud i a 
: 


56 


There were no-<significantydifferencestatnaglevel of p <O.05 between 
the two groups of neonates, based on non-paired Student's t comparisons 
of demographic: «data and» pre-CPT » status’: (i.e. Fi09,"°Pa09; peak 
inspiratory pressure (PIP), positive end-expiratory pressure (PEEP) or 
continuous positive airway pressure (CPAP), PaCO>, pH, intermittent 


manditory ventilation (IMV), A-a 09 gradient, ICP, H/R, MAP, TcpOo, 


and TcpC0>). 


Neonatal Care 


All neonates were nursed in overhead radiant warmer beds with their 
skin or rectal temperature maintained at 36.8°C by servo-control. All 
infants were intubated nasally by medical staff, using a #2.5 to #3.5 mm 
Portex tube. Infants received ventilatory support by either a Baby Bird 
(n = 20), Sechrist (n = 3), or Healthdyne (n = 7) ventilator. All 
ventilator settings [PIP, PEEP, CPAP, IMV, and inspiratory times (IT)] 
were determined individually according to the blood gas levels and the 
clinical condition of each infant. 

Intravenous fluids were administered to the neonates by way of the 
arterial line. Where the arterial line was not an umbilical catheter, a 
second peripheral vein was used for intravenous perfusion. A peripheral 
vein was also used to infuse blood or blood products because the line to 
the arterial blood pressure transducer had to be clamped to prevent 


contamination by blood products infusing through the arterial line. 
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Chest Physiotherapy Methods 


Each neonate was placed in the appropriate postural drainage posi- 
tion for the affected lobe in accordance with the guidelines of the 
Royal Alexandra Hospitals Physiotherapy Department (see Appendix 4). 
Each neonate was kept in this position for five minutes prior to the 
commencement of the percussions. 

The Bennett method of percussions was performed according to the 
instructions of two physiotherapists wno worked in the Royal Alexandra 
NICU. The Bennett mask used (#5281 Puritan-Bennett, Los Angeles, Ca.) 
is a doughnut-shaped mask made of translucent silicone rubber. A handle 
to fit the therapist's first two fingers was made out of a plastic cap 
of an 18 gauge needle and taped into place on the mask. The neonate's 
affected lobe was percussed with the prepared mask at a rate of 80 to 
120 bpm. 

The Boyd method of percussions is also known as _ contact-heel 
percussion. In this method, pressure is applied using the thenar- 
hypothenar eminence of the hand at right angles to the chest wall of the 
neonate. An attempt to achieve a thoracic displacement of 1 to 2 cm was 
made. The rate of percussions matched those of the Bennett method. 

Each CPT session consisted of five minutes of percussions. When- 
ever the infant's condition deteriorated to beyond accepted limits for 


normoxia and H/R, time and corrective measures were taken to return the 
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infant's H/R and/or Tcp0> level to within accepted limits prior to the 
resumption of the percussions. 

Tracheal suctioning was carried out following instillation of 0.5 
ml of normal saline into the ETT. As was outlined in the NICU procedure 
manual, the neonate's head was turned to the contralateral side and the 
trachea instilled prior to introduction of the suction catheter. The 
catheters were measured and marked so the catheter would not be passed 
to greater than one cm beyond the end of the infant's ETT. In each 
case, the catheter size was dictated by the size of the ETT to ensure 
free and easy passage. No more than three passes of the catheter on 
each side was required or employed. Each suctioning session was 
completed in less than ten seconds while the neonate was normoxic, 
according to the Tcp0> monitor. Tracheal suctioning was followed by 
oral suctioning to clear the oropharyngeal area of any accumulated 
secretions. A mean time of 3.9 minutes (range 1.5 to 5.5 minutes) was 


required for the entire suctioning procedure. 


Measurement Tools 


Continuous data were collected on six physiological parameters: 
H/R, MAP, Tcp0> level, TcpCO> level, ICP, and oesophageal pressure. 
In the NICU at the Royal Alexandra Paediatric Pavilion, all monitoring 
devices, with the exception of the device to measure oesophageal pres- 


Sure, were used to aid in the care of the critically ill neonate. 


oy) Of 
nA 7 a 
wit of li ex tert oes 


4) morta’ ‘ eRe ria worten rw 
eo 0° S30 ’ a ‘ vent ue aS 
prt 4 SS. ta wal iP, on: i 


’ yer ut. SAP %e Arsameaer mo] “ve nq 
‘ i} wei . By 1 
\s —wmwties. ahh bal Saxner Sere 2 


an is 2 «'natot ods. Fo a ay prioyse bails whine 
; a 
ouene or YTa of <) of ond vd -batesot - tow es} er i 


- 
~ 
7 


rT $i = 93 aul? 730). sr0n OY Bybee yeno a 


- 
State gtiedbeow Apel.) voeD eye “ce hes hips <a 
orm tas. étacee ots efter cghgecee sar wads zeal ala ‘vate 
ed ae | eonnant  -sedtnon sty ot arts ada 
s 7 " me gans wid) 563 Py o going . oy 


er 2.1 sone) estgeny €.0 Fo amt $ sailed aii 
syn 00 ghtool? Mu prise ‘pian ai hup 


y 
i : 
my 
= ; é i : as a 
&i@207 rail or ¢ “ 7 ¢ 7 
: 1 
7 ’ — 1 iv = — 'F 


arafempied (es iyo/eieva rhe ne or 27H seb euoun tho 
ie 7 
.o ue? 9 lespasepess lau AGE v4 


_ 
gervarines tip ,worlrve9 ae 


— 
oa 


«fe jiéspetackns stugher ob vet: wiied not 

. i - a : 
.pedngar T/? eliestsia otf Fn“ oe it: me 7 
on : : As Bs ee 


59 


Devices to measure the first three parameters were used routinely in the 
NICU. 

Heart rate was measured using adhesive, pre-gelled neonatal cardiac 
electrodes. The infant's electrocardiogram and mean H/R were recorded 
on a bedside monitor (Model 78342A, Hewlett Packard, Waltham, Ma.). 
Alarms were set at 100 bpm (bradycardia) and 200 bpm (tachycardia) for 
all premature infants and for all fullterm neonates who were not asphyx- 
jated. For the fullterm asphyxiated neonate, the alarm for bradycardia 
was set at 80 bpm since the sympathetic nervous system of such a neonate 
is depressed and results in a low resting apical rate. 

Mean arterial blood pressure was measured using a #3.5 or #5 umbil- 
ical artery catheter, radial artery catheter, or an anterior tibial 
artery cutdown cannula. When the umbilical catheter was used, it was 
inserted to the level of the eighth thoracic vertebra. The MAP was 
monitored using a transducer (Model 4-327-I, Hewlett Packard, Waltham, 
Ma.) attached to the arterial line. All transducers were flushed and 
recalibrated at the level of the infant's atrium prior to the commence- 
ment of each study session. Values for the MAP were continuously dis- 
played on the cardiac monitor. 

Transcutaneous oxygen levels were measured using a neonatal trans- 
oxode (Type 33, Module 632, Roche, Basel, Switzerland). The Tcp0s 
electrode was removed and calibrated prior to each study session. 
Following application of the electrode onto the infant, no readings were 


taken for fifteen minutes to allow for increased blood flow to the area 
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and arterialization of the electrode's readings. Values were continu- 
ously displayed on a monitor at the bedside. Alarm levels for hypoxia 
and hyperoxia were set at the discretion of the attending neonatologist 
according to the gestational age, clinical condition, and post-natal age 
of the neonate. As a result, hypoxia and hyperoxia limitations differed 
from neonate to neonate. 

Transcutaneous carbon dioxide levels were obtained with the use of 
a pH glass electrode (Model 341-51, Module 634, Roche, Basel, Switzer- 
land). AS¥a with: stnepicp0>. electrode, =the TcpC0> electrode. was 
removed and calibrated prior to each study session. Values were contin- 
uously displayed on a bedside monitor. Alarms levels were set at 10 
torr (hypocapnia) and 50 torr (hypercapnia). 

Intracranial pressure was measured by a fiberoptic sensor (Model 
10004, Ladd Research Industries, Burlington, Vt.). This non-invasive 
sensor was taped onto the shaved anterior fontanelle of the infant by 
means of a cotton filled, self-adhesive neonatal cardiac electrode 
(#01-0110, NDM, Dayton, Oh.). A continuous display of values was avail- 
able on a bedside monitor (Model M1000, Ladd Research Industries, 
Burlington, Vt.). 

Oesophageal pressure was measured using an 8-FG (2 mm internal 
diameter) standard infant feeding catheter (#71031, AHS, McGaw Supply 
Ltd., Mississauga, Ontario). The catheter was attached to a neonatal 
blood pressure transducer (Type 4-327-I, Bell & Howell, Instrumentation 


Division, Pasadena, Ca.). The catheter and transducer were filled with 
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water and subsequently kept free of bubbles by flushing them with 
sterile water between measurements. The catheter was inserted into the 
infant's stomach through his/her mouth. The catheter was then withdrawn 
proximally to the cardia and then withdrawn a further 2 - 3 cm into the 
lower third of the oesophagus. A continuous waveform and digital 
readout of mean values were displayed on the cardiac monitor. 

Levels of all six parameters were continuously recorded throughout 
all CPT sessions on a six channel recorder at the bedside (Model 3316, 
Soltec, Sun Valley, Ca.). 

Pre-CPT and post-CPT arterial blood gas levels, inspired oxygen 
concentrations, systolic and diastolic arterial BP, and demographic data 
as outlined on the data form in Appendix 5 were recorded. Arterial 
blood for gas analysis was drawn by the researcher and analyzed by an 
available respiratory technologist (R.T.) on duty in the NICU. This 
R.T. also recorded ventilatory settings with each blood analysis. Since 
the NICU R.T. works on a permanent basis in the NICU and blood gas anal- 
ysis comprises a large portion of his/her required duties, his/her pro- 
ficiency in blood gas analysis was expected to be uniformly high. Al] 
samples were analyzed using one of two blood gas analyzers (Model #813 
or #1303, Instrumentation Laboratory Inc., Lexington, Ma.). Each ana- 
lyzer was calibrated daily to standard solutions. In addition, one ana- 
lyzer, on which 90% of the gases were run, had a feature of an “autocal" 


self check between each sample analysis. 
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Conduct of the Study 


Data collection took place over a six month period from 02 August, 
1982 to 31 January, 1983 following ethical review and clearance of the 
Study by the Clinical Investigation Committee of the Royal Alexandra 
Hospitals. 

Selection of subjects for inclusion in the study was made on the 
basis of availability of suitable subjects. Once infants wno met the 
selection criteria were assessed by the researcher as able to withstand 
application of the monitoring equipment, permission to include them in 
the study was obtained from the neonatologist in charge of their care. 

Informed, verbal consent was obtained by the investigator from one 
or both parents of all infants wno were included in the study. It was 
emphasized to the parents that their refusal to participate in the study 
would not affect the care which their baby would receive. The parents 
who consented to allow their infant to be studied were informed that 
they were free to withdraw their baby from the study at any time and 
that, by doing so, they would not jeopardize their infant's care. The 
parents were also invited to be present during the study and encouraged 
to ask questions. Only one parent refused admission of her infant to 
the study as she wished to discuss it with her husband who was out of 
town for three or four days. By the time consent could be obtained, the 


infant no longer fit the study criteria. 
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Once parental consent was obtained, the infant was entered into the 
study by means of a toss of a coin and a previously constructed schedule 
of random pairs [i.e. the Bennett method in the first CPT session 
followed by the Boyd method in the second CPT session (heads), the Boyd 
method in the first CPT session followed by the Bennett method in the 
second CPT session (tails)]. The schedule of the study for both groups 
is depicted in Appendix 6. 

Once a CPT session commenced, the investigator took over the nurs- 
ing care of the infant until the end of the CPT sessions. No other 
personnel were permitted to handle the infant until completion of the 
CPT sessions. 

All calibration routines, equipment set-up, chest percussion, 
instillation and suctioning, withdrawal of arterial blood, observations, 
manipulation of Fi09, and recording were done by the investigator. 
Approximately 90 minutes were required to complete each CPT session. 
The mean time between each CPT session was 1.9 hours (range 1 to 4 
hours). Approximately one hour was required prior to the first CPT 
session to ensure proper calibration and application of equipment. In 


all cases, the procedures outlined in Appendix 6 were followed. 


Data Analysis 


Once data were collected on the 30 study subjects, the recorded 


tracings of each CPT session were hand-digitized for relevant 
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information. To avoid bias, a blind analysis of the tracings was done, 
that is, the method of CPT utilized on the neonate was unknown to the 
investigator during this period of analysis. Because the data were 
collected for a dual purpose: for description and hypothesis testing, a 
variety of analytical methods were used. 

Descriptive statistics (mean, SD, and range) were utilized to des- 
cribe all relevant variables of the study. For hypothesis testing, data 
that were measured on ordinal or nominal scales were analyzed using the 
non-parametric test of Chi square, while interval and ratio data anal- 
ysis employed the following tests: Student's t, Pearson's r, oneway 
analysis of variance (ANOVA), and multiple linear regression (Glass & 
Stanley, 1970). In addition, ANOVA, using a Latin square format 
(Cochran & Cox, 1958), was employed to ascertain differences between 
subjects and effect of treatment order. An example of this type of 
analysis is presented in Appendix 7. 

Statistical inference tests are often classified as parametric or 
non-parametric. Although all inference tests depend on population 
characteristics to some extent, the requirements for using nonparametric 
tests are minimal. When the data are nominal or ordinal and there jis an 
extreme violation of an assumption of the parametric test or the 
investigator believes the scaling of the data makes the parametric test 
inappropriate, a nonparametric inference test should be amployed (Isaac 


& Michael, 1980). 
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On the other hand, the requirements for using a parametric infer- 
ence test entail certain assumptions about population characteristics or 
parameters. The t tests for two samples or conditions (dependent t or 
independent t) require that the population scores be normally distrib- 
uted, when the samples are small. The independent t test further 
requires that the population variances be equal. The ANOVA has require- 
ments quite similar to those of the independent t test. Despite these 
requirements, many of the parametric inference tests are robust with 
regards to violations of underlying assumptions. A test is robust if 
violations of the assumptions do not greatly disturb the sampling 
distribution of the statistic. Even though, theoretically, normality in 
the population is required with small samples, it turns out empirically 
that, unless the departures from normal are substantial, the sampling 
distribution of t remains, essentially, the jsame. Thus; ‘the t test is 
robust regarding the violation of normality in the population. As a 
result, the t test can be used even though the assumptions of normality 
have been violated. 

The paired t test was employed to determine the significance of the 
difference, if any, between means of all data collected during the base- 
line period and means of all measurements made during and following 
GP. 

Where more than one variable was compared to another, the ANOVA 
(oneway or Latin square model) was used. Like the t test, the ANOVA is 


a robust test. It is minimally affected by violations of population 
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normality. It is also relatively insensitive to violations of homo- 
geneity of variance provided the samples are of equal size. 

Regression models were employed to investigate relationships be- 
tween methods of CPT and the levels of the physiological parameters and 
to ascertain the reliability of both transcutaneous monitors (Tcp09 
and TcpC0>). Correlation coefficients derived from these analyses 


were tested for significance using the following formula: 


(A alah iat ee 2 ‘ 
feeerc (Armitage, 1974, p.74) 


In all cases of inferential testing, a significance level (prob- 


ability value, p) of equal to or less than 0.05 was used. 


Summary 


The clinical, controlled, randomized experimental cross-over design 
of the study permitted each neonate to act as his/her own control but 
was subject to threats of internal validity due to history, maturation, 
instrumentation, and testing. The study subjects included thirty neo- 
nates who were intubated, had an Fi09 of 0.9 or less, weighed more 
than 750 grams, had an indwelling arterial line, and did not require 
short-acting sedation. Each infant received both types of percussions 


in randomized order, once parental consent was obtained. The 
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investigator provided all nursing care during the study period. The 
physiological parameters continuously recorded included H/R, MAP, ICP, 
oesophageal pressure, Tcp0>, and TcpC0>. In addition, pre-test and 
post-test arterial blood gas levels and 05 requirement changes were 
recorded along with pertinent demographic data. Statistical analysis of 
the data utilized descriptive statistics (mean, SD, and range) for all 
relevant svariablessand statistical..inferential tests (Chi. square, t 
tests, Pearson's r, ANOVA) for hypothesis testing. A significance level 


of <0.05 was used in all cases of inferential testing. 
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The results suggest that, while the neonates’ mean physiological 
responses during the postural drainage phase of CPT were not signifi- 
cantly different from those observed during the pre-CPT and post-CPT 
phases, the neonates' mean responses during the instillation and 
suctioning phase varied significantly from those observed during all 
other phases of CPT with the exception of the percussions phase. There 
were significant differences detected in the neonates’ responses to the 
Bennett percussions and the Boyd percussions as measured along the seven 
physiological’ parameters of H/R, MAP, ICP; Tcp0>, sTcpCO9, A-a 09 


gradient, and PaCQ0o. 


Neonatal Responses to Chest Physiotherapy 


The five phases of CPT referred to in this section include: pre- 
CPT (baseline), postural drainage, percussions (Bennett or Boyd method), 
instillation and suctioning of the ETT, and post-CPT. The mean respons- 
es of the 30 neonates to all 60 CPT sessions, exclusive of the percus- 
sions phase of the sessions, are presented in Table I. Because the neo- 
nates' responses to the two different percussion methods were found to 


be significantly different, the mean values of each phase are presented 
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by percussion method in Tables II and III. The mean values of each 
phase were compared with those of all other phases by one-way ANOVA. 
The results of this analysis are included in Tables I, II, and III. 

The levels of all physiological parameters measured during the pre- 
CPT phase were all within normal limits for a neonate. Also, these 
levels returned to within normal limits in the post-CPT phase. With 
regard to,H/R, MAP, ICP, JTcp0>; and TcpC09,) there were no. signifi- 
cant differences observed between the pre-CPT and post-CPT levels. 

The levels of all physiological parameters measured during the 
postural drainage phase remained within normal limits for each neonate. 
During postural drainage, the mean H/R and MAP increased by 0.40 bpm and 
0.50 torr respectively above the pre-CPT levels. Also, the mean ICP 
level increased by 0.70 cm H20 above the pre-CPT level. Both the mean 
Tcp0> level and the mean TcpC0>9 level increased by a very small 
amount, 1.00 torr and 0.10 torr respectively. 

With postural drainage of both upper and lower lobes, no signifi- 
cant changes were noted in the means of this phase as compared to those 
of the pre-CPT and post-CPT phases. However, a significant increase in 
ICP was noted when the infants were placed in the head down position for 
lower lobe drainage [t (9) = 4.04, p= 0.003]. While the majority of 
the neonates settled quickly following repositioning (in less than 35 
seconds), two infants took longer to settle. One infant required 
ventilation with a Jackson-Reese circuit (a special circuit which per- 


mits delivery of an Fi09 = 1.00, as well as hand bagging) for both 
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tredument Sessions. ine; orner. infant required an vincrease in Fi0>" Of 
0.35 in order to tolerate the head-down position. Otherwise, al] 
postural drainage positions were well] tolerated by the neonates. No 
infants required termination of the drainage position prior to the five 
minute limit requirement. 

Instillation and suctioning of the ETT affected all infants in a 
detrimental manner. A totat of 12 bradycardia episodes (range 1 to 3, 
mean 0.2, SD + 0.632) and 7 epi sedes of tachycardia (range 0 to 3, mean 
OC oUt 40) OCCUnned diring this phase. Instillation and suction- 
ing of the ETT produced large swings in the various physiological 
levels. The mean values and the mean ranges included: H/R 32.80 bpm 
(range 3 to 101 bpm), MAP 12.68 torr (range 3 to 25 torr), ICP 13.24 cm 
H50 (range 0.50 to 82 cm Ho0), Tep0> 24.68 torr (range 3 “to 100 
torr), and TcpC0. 4.25 torr (range 0 to Pomc e 

Overall, when, for each Ppeaih otion parameter, the mean ranges of 
this phase were compared to the mean ranges of the pre-CPT, postural 
drainage, and the post-CPT phases, the mean ranges of this phase were 
found to be significantly greater (p <0.001). Significant differences 
among all physiological parameters, except for H/R and TcpC09, were 
noted, when the means of the instillation and suctioning phase were 
compared with those of the pre-CPT phase. In comparison to the mean 
pre-CPT levels, the mean increase in H/R was 3.90 bpm. Both the mean 
MAP and the mean ICP increased by 4.10 torr and 3.50 cm H90 respec- 


tively. While the mean Tcp0>9 level decreased by 6 torr, the mean 
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TepC0o level rose” minimally by 0.10° torr. The lowest mean TcpQ09 
level detected was 9.88 torr (range 22 to 77 torr, SD + 7.81) indicating 
a mean maximum decrease of 16.79 torr. 

There was an average of 3.23 ICP spikes (range 0 to 17, total 194, 
SD + 4.82) to greater than 10 cm H20 above the mean pre-CPT level 
during instillation and suctioning of the ETT. The large fluctuations 
in the ICP levels can best be presented by depicting both the highest 
ICP level reached by each infant during instillation and suctioning and 
his/her mean pre-CPT level (see Figure 2). 

During the 60 episodes of instillation and suctioning of the ETT, 
the neonates required a mean increase in Fi09 of 0.15 (range 0 to 
Omi SUR tes toymeaDOVeumtnesepre-CPl Level. There was a significant 
correlation (r ea0 cee 0.0017) between this increase and the pre-CPT 
level wine gneraecnemsinitidint1O>. Gequanement a thesumornes thes F105 
had to be increased to maintain normoxia during instillation and 
suctioning of the ETT. During 51 (85%) of the sessions, the infants 
required, at least once during the procedure, extra breaths via the 
ventilator or a Jackson-Reese circuit. Despite these measures, an 
hypoxic episode was observed to last an average of 0.45 minutes (range 0 
to 3 minutes, SD + 0.587) and an hyperoxia episode an average of 0.33 


minutes (range 0 to 3.0 minutes, SD + 0.707). 
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Comparison of Neonatal Responses to the 


Bennett and Boyd Methods of Percussions 


Prior to analysis of the data obtained during the two methods of 
percussions, all pre-CPT baseline levels were compared to establish 
equivalency of the two method groups (see Appendices 8 and 9). In all 
cases there were no significant differences detected. It was therefore 
assumed that all data from Bennett percussions sessions could be com- 
bined and all data from Boyd percussions sessions could be combined to 
permit comparison by inferential analysis. In addition, all pre-Bennett 
CPT baseline data were compared to all pre-Boyd CPT baseline data and no 
significant differences were found. 

Oesophageal pressure levels were analyzed using Student's t anal- 
ysis of paired variates and found to be similar for both methods of 
percussions [t (29) = 0.571, p>0.5]. The mean pressure due to chest 
compression was 2.56 cm H90 (range 0.50 to 3.50 cm H 90) for the 
Bennett percussions and 2.63 cm H90 (range 0.50 to 3.50 cm H90) for 
the Boyd percussions. Thus, any differences between the two methods 
could be attributed to the inherent differences in the techniques them- 
selves rather than to the amount of chest wall displacement which 
occurred. 

All significant differences detected between the two methods of 
percussions are presented in Tables IV and V. In all percussions ses- 


sions, a mean increase in—H/R above the mean pre-CPT H/R level was 
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detected. During the Bennett percussions, the mean increase in H/R was 
16.37 bpm (range 0 to 35 bpm). During the Boyd percussions, the mean 
increase in H/R was 6.51 bpm (range 0 to 20.80 bpm). When the mean 
increase in H/R for the two methods of percussion were compared, the 
difference was found to be significant (p <0.001). When the mean H/R 
during percussions was compared to the mean H/R during postural drain- 
age, a significant difference was again evident (p <0.001) with the two 
methods of percussion. With the Bennett percussions, the mean differ- 
ence in H/R was 15.84 bpm (range 0 to 35.20 bpm). With the Boyd percus- 
sions, the mean difference in H/R was 5.70 bpm (range 0 to 20.80 bpm). 

The great amount of fluctuation in H/R which occurred during each 
session is reflected in the highest and lowest heart rates observed. 
During the Bennett percussions, this H/R fluctuation ranged from 4 to 
101 bpm with a mean range in H/R of 45.50 bpm. During the Boyd percus- 
Sions, the H/R fluctuation ranged between 4 and 38 bpm with a mean range 
in H/R of 14.53 bpm. A significant difference was detected (p <0.001). 
Nine neonates had at least one episode of tachycardia (>200 bpm) during 
the Bennett percussions. No infants experienced tacnycardia with the 
Boyd percussions. This difference was found to be statistically signif- 
icant (p = 0.004). 

With the Bennett percussions, the MAP ranged from 5 torr below the 
pre-CPT level to 25.80 torr above the pre-CPT level (mean 4.81 torr). 
With the Boyd percussions, the MAP ranged from 10 torr below the pre-CPT 


level to 10 torr above the pre-CPT level (mean 1.62 torr). When the 
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mean increase in the MAP for the two methods of percussions were com- 
pared, the difference was found to be significant (p <0.05). When the 
MAP levels observed during postural drainage were compared to those of 
the percussions phase, a significant difference was evident with the two 
methods of percussions (p <0.05). During the Bennett percussions, the 
MAP ranged from 6 torr below the mean postural drainage level to 20 torr 
above the mean postural drainage level (mean 4.18 torr). During the 
Boyd percussions, the MAP ranged from 10 torr below the mean postural 
drainage level to 19 torr above the mean postural drainage level (mean 
le23 torre 

During the Bennett percussions, the mean increase in ICP above the 
baseline level was 4.74 cm H90 (range -0.70 to 39.40 cm H90), while 
the mean increase during the Boyd percussions was 1.60 cm Ho0 (range 
-1.40 to 7.50 cm H90). A significant difference was detected 
(p <0.05). The neonates produced an average of 6.00 spikes of ICP to 
greater than 10 cm H90 above the baseline level (range 0 to 32) during 
the Bennett percussions and only 1.13 spikes of the same nature (range 0 
to 9) during the Boyd percussions. This difference was found to be 
statistically significant (p <0.02). 

In order to maintain a normoxic state within the neonate during the 
percussions, the Fi09 was increased, as required, and/or the neonate 
was given extra respirations, either through the respirator or with the 
use of the Jackson-Reese circuit. Tables VI and VII illustrate the 


changes in oxygen requirements and the type of bagging required by the 
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30 neonates during the Bennett percussions and Boyd percussions, 
respectively. All extra breaths given were within normal limits of the 
PipnTorveachs individualisneondtes “Fors 2 of the neonates, the Fido had 
to be increased above the pre-CPT level during the Bennett percussions. 
In contrast, only 13 neonates required additional oxygen to remain 
normoxic during the Boyd percussions. This difference was found eto be 
statistically significant (p = 0.019). 

The mean amount of oxygen increase required by the infants also 
varied with the particular method of percussions. During the Bennett 
percussions, the neonates required a mean increase in Fi09 above the 
pre-CPT level of 0.14 (range 0 to 0.46). During the Boyd percussions, 
the neonates©required a mean’ increase, in Fi05~above the pre-CPT* level 
of S007 Stirange.o0 “te T0546 )A A significant difference was noted 
(p <O.01). In addition to extra oxygen, 19 neonates required additional 
breaths in order to tolerate the Bennett percussions. Only if infants 
required extra breaths during the Boyd percussions. When this 
difference was compared, it was found to be significantly different 
(p = 0.036). 

Despite all attempts to keep the infants as stable as possible 
during the percussions, periods of hypoxia and hyperoxia were recorded. 
Seventeen neonates were judged to be hypoxic according to the Tcp0s 
record during the Bennett percussions, while only nine were hypoxic 
during the Boyd percussions. During the Bennett percussions, the neo- 


nates remained, on the average, 0.66 minutes (range 0 to 2.5 minutes) 
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below the low Tcp0> level for normoxia. On the other hand, during the 
Boyd percussions, this time was reduced by 75% to a mean of 0.16 minutes 
(range 0 to 1.00 minutes). When these means were compared, a signifi- 
cant difference was detected (p <0.01). During the Bennett percussions, 
the neonates were hyperoxic a mean time of 0.21 minutes (range 0 to 1.50 
minutes). During the Boyd percussions, a mean time of 0.05 minutes was 
spent in hyperoxia (range 0 to 1.50 minutes) by the neonates. A signif- 
icant difference was evident (p <0.05). 

The TcpCO>9 data were noted to be similar for both methods of per- 
cussions. During the Bennett percussions, the TcpC0> decreased a mean 
of 1.90 torr (range 0 - 1.70 torr) below the mean pre-CPT level. During 
tne: Boyds percussions, ther icpC0>, fell to; a:mean ‘of IASO0 "torr (range: 0 
- 8.50 torr) below the mean pre-CPT level. These mean decreases were 
not found to be significantly different. 

Again, there were wide ranges in the levels of the five physio- 
logical parameters (H/R, MAP, ICP Tcp0>, TcpCO0.) during the percus- 
sions phase. These ranges are illustrated graphically to demonstrate 
the differences in individual neonatal responses to the two methods of 
percussions (see Appendices 10 to 14). 

Individual pre-CPT and post-CPT values of H/R, MAP, ICP, A-a 09 
gradient, and PaCO> for the Bennett percussions group and the Boyd 
percussions group are presented in Appendices 8 and 9. With the Bennett 
percussions group, there was a significant difference between the 


pre-CPT A-a 09 gradient and the post-CPT A-a 0» gradient [t (29) = 
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-3.653, p = 0.008]. <A significant difference was also detected between 
pre-CPT and post-CPT A-a 09 levels with the Boyd method group 
[t (29) = 2.707, p= 0.015]. The mean difference between the pre-CPT 
A-aeOo sradientemandestne post-CPl» A=a05) gradienty tor the Bennett 
percussions group was 12.90 (range -14.00 to 83.50), reflecting a 
deterioration in respiratory status. For the Boyd percussions group, 
the mean difference was -20.37 (range -151.90 to 11.00). A significant 
difference was evident (p <0.001) between these differences. 

Pre-CPT and post-CPT Fi09's were found to be significantly dif- 
ferent with each method of percussions [Bennett percussions: t (29) = 
=2 0745 "p="0V0L; "Boyd=percussions:  t' (29) = 3.68, p=" 07001]. © "When “com- 
pared tomithe® mean. "pre-CP1 F105 level” the smean™Fi0> “level "increased 
by 0.02 (range -0.04 to 0.07) following the Bennett percussions and 
decreased by 0.03 (range -0.10 to 0.01) following the Boyd percussions. 
This difference was found to be statistically significant (p <0.01). 

With the Boyd percussions group, the difference between the pre-CPT 
and post-CPT PaC0> levels was found to be significant [t (29) = 2.707, 
-p = 0.015]. No significant difference was found between the pre-CPT and 
post-CPT PaCO> levels with the Bennett percussions group. Changes in 
the mean PaC0O> levels between the pre-CPT and post-CPT phases were: 
Bennett percussions: 0.48 torr (range -2.0 to 9.5 torr) and Boyd per- 
cussions: -2.53 torr (range -9.0 to 3.5 torr). This difference was 


noted to be statistically significant (p <0.001). 
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The physiological responses of the neonates to the two methods of 
percussions are summarized in Figure 3 and Tables VIII and IX. Figure 3 
illustrates the neonates’ mean responses as measured along the five 
physiological “parameters= sone. H/R, 2 MAP.) SICPA eS icp0>, ,and=“IcpC0o. 
Tables VIII and IX contain the nature (direction of response) and extent 


of the responses of the neonates to the two methods of percussions. 
Reliability of the Transcutaneous Monitoring 


Finally, the correlation between the PO. levels (determined by 
transcutaneous monitoring) and the PCO levels obtained from arterial 
blood samples was determined. The Pearson's r value obtained for the 
Oo levels was 0.96 (mean Pa0> 64.79 torr, mean Tcp0> 64.02); and 
0.92 (mean PaCO> 35.22 torr, mean TcpC0 35.11 torr) for the C0, 
levels. These results indicate that this particular form of monitoring 
was reliable in this study. 


Summary 


The neonates did not respond to postural drainage in a signifi- 
cantly negative manner. However, with instillation and suctioning of 
the ETT, the neonates’ condition deteriorated. The two methods of per- 
cussions evoked significantly different responses from the neonates. 
Changes in the levels of the physiological parameters of the Boyd per- 


cussions group as compared to those of the Bennett percussions group 


rc - 
7 > a 


% ahuetaa 7 oO 
. ( i 4 » { 7 a 
4] 
‘ e] 


seth h sitns ntsinoy At bab: SEY, 2 
| spe i. 
- inte 


on tiost oo” .vomnnezatan) sete To cas 


-— ay 


ism Ga SRY cotonpen otf es 


= ’ ~e 
is > 


A 
r ay weuwled ae 22762 vlads uh ton is 
109 ee aos) iaeynt, a 46 att be aT rat nom roan 


; iJ a 
7" hegaee. af? baniwnoteb 26W aogfqmez boats 
gviee 2069 annem) 82.0 ebm 2 vot 


ieee eB, oy. Adee ots 88 xe g098F negan), $040 
" mn m cine ohee Apt peacyttin ant uaa ono Aap: 
(Quse 2 1nS a faut te 

oe pt a 


| yA . 
aw 7 _ 


74 wm 


of mnges” tae Pty edge a § 


4 


on? tt Twos SOweuqH ery, 3% a 


. 2 
teratndteab matsiiaes ‘eatanogm Snz, 
' i. - 
eT ans as ows PROGR’ ‘prea NIPAgs tgs bolors 
. ; 7 
: = i = yt 
-"op fy ting Pech Tetegig ait to e isvel 


“4 : . : 7 
quow zholezuaiey Mens ay Woseeny oF beveqmnas éa 4 
: ; ee ¢ 


=. 


Mean 


ErGuRE 3 


PIVSROVOGVCd Responses Of ainfants during 


Each Phase of Chest Physiotherapy 
---X Bennett 
--*4 Boyd 


92 


Dre-CPT Postural : Instillation 
ee Drainage puceoc uals & Suctioning Post-CPT 


: _ 
ny ip. & eno tad 3a 
; / 


ype ara hy 


B@e@ ac 
t 
‘ 
‘ — 
a | 
| 
wh % - 
xd 
\ 
i 
i 


na! 2eF Legent 


4 
pee ets ee 


Table VIII 
Physiological Nature 
Parameter of 
Change 
H/R (bpm)* Increase 
MAP (torr)* Increase 
ICP (cm H90)* Increase 
Tep0> (torr) Decrease 
TcpCOs (torr) Decrease 


* 


Sigmiticanteat=p:<.05 
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Nature and Extent of Change of Mean 
Responses of Infants to Percussions 


Method of Percussion 


Bennett Boyd 
Extent of Nature Extent of 
Change from of Change from 
Pre-CPT Level Change Pre-CPT Level 
16.37 Increase 6.50 
4.80 Increase 1.90 
3.80 Increase 1.60 
5.80 Decrease 6.20 
1.90 Decrease 1-50 
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Table IX 


Physiological 
Parameter 


H/R (bpm) 

MAP (torr) 

ICP (cm H90) 

A-a 09 gradient* 


PaC0o (torr)* 
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Nature and Extent of Change of Mean Responses 
of Infants following Percussions 


Bennett 
Nature Extent of 
of Change from 
Change Pre-CPT Level 
Increase O37 
Decrease 0233 
Decrease Oe22 
Increase 12.90 
Increase 0.47 


Reeoroniaicantatepes. 00 


Method of Percussion 


Nature 
of 
Change 


Increase 
Decrease 
Decrease 
Decrease 


Decrease 


Boyd 
Extent of 
Change from 
Pre-CPT Level 
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were found not to be of the same magnitude nor detrimental to the 
infants' condition. 

Analysis of the data indicated that the observed differences in the 
direction of neonatal responses were not attributable to the gestational 
age, condition, or diagnosis of the neonate, or to the location of the 


percussions (upper vs. lower lobes). 
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DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 


In this chapter, the results of the study are discussed and con- 
clusions drawn. Limitations of the study are presented. Finally, 
implications for nursing care and further nursing research are 


considered. 
Discussion of the Results 


The results of the study suggest that tracheal instillation and 
suctioning and percussions played major roles with regard to the 
observed neonatal responses to CPT. The postural drainage portion of 
the CPT did not appear to produce any untoward effects in the neonates 
in either the nead up or head down position. Since the increase in ICP 
during the lower lobe drainage position was not accompanied by any 
Significant changes in the levels of the other parameters, an overal| 
Systemic compensation likely occurred. The amount of time (34.8 
seconds) required by the infants to return to prepositioning levels was 
much less than that (292.0 seconds) reported by Norris, et al (1982). 

Tracheal instillation and suctioning produced major changes in the 


levels of the physiological parameters. While the mean H/R during these 
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procedures increased by only three to four bpm above the pre-CPT level, 
(F = 0.9, p = N/S), the wide ranges of H/R which were observed were 
indicative of the fact that the procedure was not well tolerated by the 
neonates. Bradycardia occurred at least once during 15% of the pro- 
cedures. In all cases, the bradycardia was accompanied by a drop in the 
Tcp0> level. In addition, at least one episode of tachycardia was 
noted in 8% of the instillation and suctioning episodes. These changes 
in H/R to beyond normal physiological bounds occurred despite attempts 
to avoid such responses by permitting recovery periods between each pass 
of the suction cathether and changing the Fi0> level in response to 
the neonates’ requirements. These results are worrisome considering 
that: a change in neonatal H/R directly affects cardiac output due to 
the neonate's inability to adjust cardiac stroke volume and this effect 
takes place over a very short period of time. 

It is difficult to compare the above mentioned results with those 
of earlier studies because of the differences in methodology utilized. 
ed lileecar ier studies tne sriU>, Was inoteadjusted- iniresponse to: ‘tne 
infant's condition. However, it is interesting to note that Cabal, et 
al (1979) found a significant decrease in H/R and 05 Saturation during 
suctioning, despite pre-oxygenation, as well as a long recovery time 
following suctioning. 

The mean increase in MAP of 4 torr which resulted during instilla- 
tion and suctioning is very similar to that of 5 torr reported by 


Simbruner, et al (1981). In addition, as with the H/R, the ranges of 
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the MAP which were observed were wide and occurred within a very short 
period of time and subsequent to changes in the H/R. Because the actual 
Systolic and diastolic blood pressure waves were not recorded, it is 
impossible to establish the regulating mechanism for the blood pressure 
response. 

Perlman and Volpe (1982) reported a mean increase in ICP level of 
SrOmem 1o0mdur ings succroniig mot tne "ell Ot = premature: intants.= LL 1S 
not stated whether this increase reflected the mean ICP rise during the 
procedure or the mean peak ICP level observed. In the current study, 
which included both preterm and full term neonates, the mean ICP level 
increased’ 3250 "cm™" HO) above the pre=CPT ICP’ Veyel® during instillation 
and suctioning. The highest mean increase above the pre-CPT ICP level 
observed was 13.24 cm Ho0. 

ASUeCrease eine themmicn0o™ level was noted] in al iv; neonates “In 
response to passage of the suction catheter. In neonates whose Fi09 
requ wpements were: =niqim (b105 9 70.5), the cecrease= occurred. when) they 
were removed from the ventilator and, hence, their 05 Source. This 
finding concurs with those reported in earlier studies. Once again, it 
must be noted that the mean Tcp0> value of this study was influenced 
by the fact that all neonates were permitted to recover to normal limits 
between each pass of the suction catheter. There was little difference 
between the mean instillation and suctioning phase Tcp09 level and the 


pre-CPT phase level. 
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With the exception of one case, the act of suctioning produced an 
initial increase in TcpCO>. Some of these increases were very slight. 
These increases were mediated by replacing the infant on the respirator. 
The struggling and crying of the neonates during this procedure produced 
a decrease in the TcpCO0> as CO» was blown off due to hyperventila- 
tion and increased respiratory rate. The wide ranges of TcpC09 record- 
ed during this procedure seemed to be indicative of the noxious effect 
of the procedure on the neonates. The mean values fail to reflect 
accurately the wide changes in TcpCO>9 which the neonates experienced. 
Once again, the ranges more accurately reflect the actual threat of 
instillation and suctioning to neonatal homeostasis. 

The struggling and crying of the neonates tended to exacerbate the 
levels of all the physiological parameters, with the exception of the 
TcpC0> level. All episodes of tachycardia were observed while the 
neonates were struggling and crying. It was only when the neonates were 
placed back on the ventilator and soothed (usually by placing a hand 
over the neonates’ chest) that they began to settle. With the exception 
of one neonate, when the infants’ initial: Fido requirements were low 
(Fi0o <O.3), no increase in Fi0g was required following these 
manouvers. 

The study findings indicate that an abrupt increase in CBF, presum- 
ably a direct effect of the increase in MAP (perhaps because of impaired 
autoregulation) and reflected in an increase in ICP, may occur in an 


infant during instillation and suctioning of his/her ETT. In the 
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preterm infant, especially, these repeated sudden increases in CBF may 
play an important role in the pathogenesis of intraventricular haemor- 
rhage. Hambleton and Wigglesworth (1976) and Wigglesworth and Pape 
(1980) have suggested that, in addition to an increase in CBF, a pro- 
longed lowering of PaQ> may lead to focal intracranial haemorrhages. 
Although it is not known exactly how low the PaO» must be or for mat 
period of time it must be low to lead to this damage, it seems safe to 
conclude that repeated episodes of hypoxia, whether for 0.5 minutes or 
for 5 minutes, are not safe for the neonate. 

In summary, the responses of the neonates to instillation and 
suctioning of the ETT were as postulated in the conceptual framework of 
the study. Because of the threat to infant homeostasis inherent in the 
procedure of instillation and suctioning of the ETT, measures must be 
taken to ensure that the infant does not deteriorate physiologically to 
the end-point outlined in the model, that is, death through anoxia and 
intracerebral haemorrhage. The point at wnich the infant is nonrecover- 
able, however, is impossible to establish from the study. 

The effects of hyperoxia have yet to be investigated by research- 
ers. Aggressive treatment of smaller and smaller neonates has led to 
increased survival rates among neonates weighing less than 750 grams at 
birth. These tiny infants, however, are still in the early develop- 
mental stage. In many cases, our support measures prove to be toxic 
and/or detrimental to the neonates' fragile developing systems. Such is 


the case with oxygen. Hyperoxia has been implicated as a causative 
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agent in retrolental fibroplasia (RLF) and BPD (Kretzner, Hittner, 
Hunter, et al, 1983; Tomney, 1980). It appears that the younger the 
neonate, the greater the risk for damage resulting from hyperoxia. Once 
again, the amount and duration of hyperoxia required for pathology to 
occur is not known. Tomney (1980) reported that the control infants in 
her study spent a mean time of 92.5 minutes over a 12 hour period of 
time in a state of hyperoxia. The use of pancuronium reduced this time 
to 13 minutes over a 12 hour period of time. In the present study, 
hyperoxia was observed for a mean time of 0.33 minutes over a 3.9 minute 
period of time during the instillation and suctioning procedure. Tomney 
(1980) also found that nurses spent a mean time of 30 minutes over a 12 
hour period of time performing this procedure. If one extrapolates from 
the findings of the current study, it seems that approximately 2.3 min- 
utes of hyperoxia may occur every 12 hours due to this one procedure. 
With the exception of the mean ICP, the means of the percussion 
phase were not statistically significant when compared to the means of 
all other phases of the study. However, the two methods of percussions 
had a different effect on the neonates. In general, the neonates 
responded to the Bennett method of percussions in a negative manner. 
While the changes in the mean H/R, MAP, mean Tcp0Q> level, and mean ICP 
of the Boyd percussions group were in the same direction as those of the 
Bennett percussions group, they were not of the same magnitude nor 


considered to be detrimental to the infants' condition. 
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The neonates’ condition was much more stable during the Boyd per- 
cussions than during the Bennett percussions. During the Boyd percus- 
Sions, the fluctuations im HR, MAP, ICP, ~jicp0> and “TepC0> "were™~ much 
less than those recorded during the Bennett percussions. Thus the neo- 
nates had fewer requirements for additional supportive measures in the 
way Of Fi09, bagging, and soothing. In addition, it was easier to 
restore their physiological state to within normal limits. 

When the neonates’ responses to the two percussions methods were 
compared statistically, significant differences were detected in all 
variables recorded, with the exception of oesophagoeal pressure. As 
mentioned earlier, because the changes in oesopnageal pressure were not 
significantly different during both CPT sessions for each infant, it was 
assumed that differences in variables detected between the two methods 
was not due to the amount of chest compression delivered to the infant 
but to another or other factors. 

When the mean responses of the neonates were viewed in light of the 
conceptual framework presented in Chapter II, it appeared that the nox- 
ious stimulation of constant application and removal of the altered 
Bennett mask to and from the external chest wall played a major role. 
During the Bennett percussions, the neonates responded with significant 
increases in the mean H/R, MAP, and mean ICP, and a significant decrease 
in the Tcp0> level. A decrease in the TcpC0> level was also detect- 
ed. All of these responses were greatly diminished during the Boyd per- 


cussions which involve less handling of the neonate. It is possible 
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that the consistent placement of the hand over the neonate's chest in 
the Boyd method may have acted as a calming influence, a conclusion 
suggested by the writings of Brazelton (1973) and Reeder, et al (1977). 
When the infant was calmer, it seemed that he/she was more able to cope 
with the effects of the chest wall compressions. In addition, the calm 
infant seemed to benefit, to a greater extent, from the CPT in terms of 
movement of pulmonary secretions to the mainstem bronchi for removal by 
Suctioning. 

When pre-CPT and post-CPT levels were compared, there were no sig- 
nificant differences detected in mean H/R, MAP, and mean ICP. Thus, it 
seems that the percussions, regardless of method, had no _ prolonged 
effect on the cardiovascular system of the respiratory distressed neo- 
nate. The pre-CPT and post-CPT mean A-a 05 gradient and mean PaC0» 
level were, however, significantly different. Following the Bennett 
percussions, increases in the mean A-a 09 gradient and mean PaCO9 
level were noted, indicating a deterioration in the respiratory status 
of the neonates. In contrast, the decreases in the mean A-a 09 gradi- 
ent and mean PaCO> level observed following the Boyd percussions indi- 
cate that the neonates' respiratory status improved with this method. 
This improvement in oxygenation and C05 exchange seems to indicate 
that the Boyd percussions might have been more efficacious in moving 
pulmonary secretions from the smaller bronchioles to the larger ones and 
facilitating their removal. Such an improvement in oxygenation is in 


line with that reported by Finer, et al (1978) and Tudehope and Bagley 
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(1981). However, the significant differences in PaC0> level noted in 


the present study have not been reported in earlier studies. 


Conclusions 


This study provided answers to the three research questions posed 
at the outset. While no significant differences were detected along the 
five physiological parameters during postural drainage, a wide range of 
responses among the neonates was observed during instillation and 
suctioning of the ETT. During instillation and suctioning of the ETT, 
the mean H/R, MAP, and mean ICP levels were significantly higher than 
the pre-CPT means, while the mean Tcp0> level was significantly lower 
than the pre-CPT mean. Despite measures taken to ensure that the physi- 
ological levels remained within the limits accepted to be safe, periods 
of fluctuation beyond physiological bounds did occur in the way of 
tachycardia, high ICP levels, hypoxia, and hyperoxia. On the basis of 
these findings, one can conclude that the neonate tolerates instillation 
and suctioning poorly and that this procedure needs to be performed in a 
manner which will enable the neonate to tolerate it without harm. 

The study results indicate that the respiratory distressed neonates 
responded very differently to the Bennett and Boyd method of CPT. As 
the two methods do not differ in the amount of chest compression 
delivered, the differences in the responses observed appear to be 


related to the type of percussions involved in each method. The 
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constant application of blows to the external chest wall results in an 
increased amount of handling of the infant during the Bennett percus- 
sions. Once the hand is applied to the external chest wall for delivery 
of the Boyd percussions, however, it is not removed until the treatment 
is finished. While the initial contact may produce a negative response, 
the infant usually settles quickly. The infants’ responses to the two 
types of handling during the percussions were different. Thus, the 
differences detected in responses to the two methods of percussions 
appear to be caused, in part, by the neonates’ response to handling. 

The Boyd percussions were more efficacious in facilitating the 
removal of secretions from the lungs and hence improving the ventilatory 
Status of the neonate than the Bennett percussions. If anything, the 


latter only served to initiate a deterioration in the neonates’ status. 


Limitations of the Study 


One of the major problems of the study was that the study sample 
was small and chosen on a convenience basis. As a result, the findings 
of the study cannot be generalized beyond the subjects in the sample. 

It was virtually impossible to control for all historical events 
(eg. method of percussions) that had occurred prior to the neonate's 
entry into the study. In addition, the possibility of carryover effects 
from one method of percussions to the other method existed throughout 


the study. However, the cross-over design and random assignment to 
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treatment order might have minimized the influence of historical events. 

In addition, the findings are generated from the responses of the 
neonates to CPT performed by only one person, the researcher. Had other 
people been involved, the results may not have been similar to those 
described due to variation in technique, philosophy of the nurse towards 


neonatal responses, and observational skills. 


Implications of the Study for Nursing Care 


The results of the study support the assumption stated earlier that 
the closer the neonate is to homeostasis, the better equipped he/she jis 
to withstand changes in the environment. Instillation and suctioning of 
the ETT produced large fluctuations in the levels of the physiological 
parameters of the neonates. Thus, it is imperative that this procedure 
be performed as quickly and efficiently as possible. Organization of 
required equipment prior to commencement of the procedure will decrease 
the time required to respond to the needs of the infant during the 
procedure. The use of two people, one to instill and suction the ETT 
while preserving the sterility of the catheter, and the other to remove 
the infant from and replace the infant on the ventilator will greatly 
reduce the amount of time the neonate must function without an enriched 
oxygen source. The infant's condition should be as stable as possible 
prior to commencement of the procedure. The mean maximum decrease in 


Tcp0> during instillation and suctioning in the study was 16.79 torr. 
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Thus, it seems that the nurse should ensure that the neonate's Tcp0s 
level is at least 17 torr above the hypoxic level dictated for him/her 
in order to help him/her cope with the procedure. In addition, the 
neonate must be permitted to return to as stable a condition as possible 
between each passage of the suction catheter. It is desirable to keep 
the neonate as calm as possible during this procedure and to anticipate 
his/her needs. Prior knowledge of the neonate's responses to handling 
and constant observation of physiological levels is also imperative. 
With regard to the specific question of the efficacy of one method 
of CPT over the other, other aspects regarding CPT related to this 
question must be considered. It appears that the Boyd method of percus- 
sions is more beneficial for the critically il] neonate than the Bennett 
method. However, the Boyd percussions are more exacting to perform and 
require the concentration and observational skills of the nurse. 
Because of the high compliance of the neonatal chest wall, overzealous 
use of the Boyd percussions could result in discomfort or even harm. 
Care must be taken to ensure that the compressions are as even as pos- 
sible throughout the procedure. For any nurse who does not wisn to 
invest the time to provide the required care and concentration, the Boyd 
method may not be advisable. If a decision were made to replace the 
Bennett method entirely with the Boyd method, diligent teaching of the 
Boyd method must be carried out by those who are well versed in the 


correct use of the method. 
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Implications of the Study for Future Nursing Research 


It would be helpful if this study were replicated with a number of 
variations: a greater number of subjects and stricter criteria with 
regard to birthweight and gestational age, type of pulmonary pathology, 
and particular lobe percussed. The mean age of the study subjects was 
three days. Thus, no infant with BPD was included in the sample. These 
type of infants are usually older, have less compliant chest walls, and 
tend to become agitated and upset more quickly than other neonates 
(Oehler, 1981). It would be valuable to describe and evaluate responses 
Of infants with BPD tocGPl. 

In order to determine the long-term effects of each method of CPT, 
Studies must be done in which only one type of CPT is performed on the 
neonate throughout his/her stay. The best length of time for and timing 
of percussions have yet to be established. Early work by Duare, et al 
(1983) suggests that at least 2.5 minutes of percussions are required to 
obtain maximally beneficial results. No work has been done and needs to 
be done to ascertain if CPT will decrease the severity of HMD if it is 
initiated at birth. Individual differences in CPT technique utilized by 
nurses must also be addressed in the future as well as efficacy of 


teaching methods. 
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Cabal, et al (1979) and Tudehope and Bagley (1980) detected differ- 
ences in Tcp0» during suctioning with and without ETT adapters. The 
use of ETT adapters is an area requiring further investigation. 

Other nursing procedures, in addition to CPT, such as the starting 
of IV's, the performing of venipunctures, and the feeding of neonates 
would benefit from analysis through research. Until nurses become aware 
of how neonates respond to their care they will be unable to improve the 


quality of that care and the quality of the neonate's life. 


Summary 


Instillation and suctioning of the ETT and percussions appear to be 
the greatest threats to homeostasis of the respiratory distressed neo- 
nate. In order to overcome the deleterious effects of instillation and 
suctioning on the neonate, instillation and suctioning should be per- 
formed as quickly and efficiently as possible by two organized people. 
If the neonate's Tcp0o is within 17 torr of his/her hypoxia level, an 
increased Fi09 should be used. 

The Boyd method of percussions can overcome most of the neonate's 
negative responses to percussions. Great care and constant observation 
of the infant are essential, if the percussions are to be performed 
properly. While the results of the study were highly significant for 
the study population, they cannot be generalized beyond the sample due 


to the selection method and use of a small sample size. 
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Glossary of Terms 
alveolar-arterial oxygen gradient 
arterial blood gases 
analysis of variance 
blood pressure 
bronchopulmonary dysplasia 
beats per minute 
cerebral blood flow 
cerebral blood flow velocity 
lung compliance 
centimeters of water 
carbon dioxide 
continuous positive airway pressure 
chest physiotherapy 
disseminating intravascular coagulopathy 
electrocardiograpn 
endotracheal suctioning 
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IV intravenous 
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NICU neonatal intensive care unit 
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OS oral suctioning 

PaC0» arterial carbon dioxide tension 
Pa0o arterial oxygen tension 

PDA patent ductus arteriosus 
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transcutaneous carbon dioxide tension 
transcutaneous oxygen tension 
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Infant # 

Date of Birth 
Date of Study 
Birth Weight 
Study Weight 
Gestational Age 


Clinical Diagnosis 


Chest x-ray: 
Initial 


Closest to Study 


146 
Study Data Sheet 
Method 
Time 
Study Age 


Mode of Delivery 


Dubowi tz 


Type of Respiratory Distress 


Study Fis 
Respiratory or CPAP 
PDA 
Reason for ETT 
Length of Intubation 


Total 0» Exposure 


Setting 


Vitamin E 
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MEDICATIONS 

TYPE DOSAGE TIME GIVEN REASON LEVEL (if approp) 
NUTRITION 
1V 

TYPE SCALP ARTERIAL CATHETER INFUSION OTHER 
FEEDING 


Continuous oro-gastric or naso-gastric tube 

Bolus oro-gastric or naso-gastric 

None 
TEMPERATURE 
PRE-CPT DURING CPT POST-CPT 
PRE-CPT DURING CPT POST-CPT 
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Example of Latin Square Format of ANOVA 


A H/R Pre-CPT : Percussions 
Ty - lst CPT session By - Bennett Percussions 
eye 2nd CPT session Bo - Boyd Percussions 


Subj - individual subjects 


ANOVA 

Variation Gs fre Sums of Squares Mean Square F 
hope Uy: 1 1.067 i706" 0.021 
Subj. XS 2630.397 90.700 ASS 
B, - Bo 1 1460.270 1460.270 28.250 
Residual 28 1447 .373 51.690 


Total 59 Boo 9n 107 


meal 


Significance 


N/S 


N/S 


<0 .001 
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Ranges of Intracranial Pressure during Percussions 


Boyd Percussions 


Bennett Percussions 


Infant Number 


Infant Number 
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Ranges of Transcutaneous Oxygen Tension during Percussions 


Boyd Percussions 


Bennett Percussions 
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